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r. EORGES TIED ARCH SPAN 


1 Assoc. M. Am. ‘Soc. 


e proc ‘edure used to deter mine the pr final desis for a 
ied | arch bridge is presented i in thi 
not new, , having | been “used i in E Europe, it is selina that the duiga introduces. 


anew ew type in in “American practice. ~ The structure differs from | the usual tied 


arch i in that the ratio of ae moment of inertia’ of ‘the tie girder to that of the 


in t he ratio of iner 
arch rib is approximately 13 to 1 With these phy sical properties, the 


. total bending m moment taken by the rib and girder together is divided betw een 


q these two elements, the m: major part being resisted by the girder. - (The distri- , 


bution of this bending moment has been discussed elsewhere by N Nathan M. 7 


Newmark, Assoc. M Am. 


T St. Georges br idge (Fig. is carry ‘the DuPont Highway over 


= 

‘Span over the canal fla flanked on either side w steel plate- girder onl rolled- beam 

- approaches, the over-all length between abutments being approximately 4, 200° 

ft. Selection of a suitable type of structure for the main channel span involved 

both the essential provision for clearance and a solution that w Ww ould be be satis- 


fa nctory from the esthetic standpoint. dete 


oa Provision for full clearance below the floor level for the entire span limited 7 
possible types of structure. Studies made by the architect and the engi- 4 
neers resulted in the selection of a tied arch. | With this type, it was possible to’ 7 
-_ extend the main line of the approach girders thrqugh the tie tie girder of the arch - 
and thus, through this « esthetically dominating line in the design, to > give a 
=. a feeling of unity, to the entire construction. *F urther emphasis of . 


this main element of the esthetic composition was secured by designing the arch 


. _ Norg.—Written comments are invited for immediate publication; to insure publication the last alll 
cussion should be submitted by April, 1942, 


1 Associate Prof., Civ. ‘Columbia Univ. Designing Engr., Waddell & Hardesty, New 


Transactions, Soc. C. E., Vol. 103 p. 73. 
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the tie 


be approaches we were e possible— -but, due 
this plan of of treatment s seemed to be the most promising. ‘Ibis is not the purpose 
-of this ‘Paper, ~_— ies to 0 develop this phase of the St. Georges design i in greater 


“Fg, 1.—Sr. Gzorcrs Hicuway Brivce 


Ys Inl line with 4 this s adopted plan, the tie girder was made the same depth as” 
“the approach girders—about 9 ft; and a a depth of 3.5 ft was selected for the 
‘ arch rib. W ith these dimensions, the t tie girder will resist the major part of the 


bending | moments produced by the live load. 


Such a structure is multiply indeterminate, and it is. the purpose of this 


rE paper to outline the method used in arriving a at the final design and to describe : 


the completed structure. 


ihe. the letter symbols in this paper are | eins where they first appear a 
assembled i in the Appendix for convenience of 


m some reasonable assumptions which did “not introduce an 


appreciable error in the analy: sis, it was possible to simplify the problem con- 


siderably. 1 In the particular structure b being g considered, th the hangers were ere 
rather long and slender, and it was assumed that would not resist bending 


first approximation, in the pr reliminary analysis, ‘it was further 


that: the arch rib resisted no bending moment—that it was subjected only to_ 


compression.’ This assumption implies that the tie gird der resists the tension 
8 —— in the. tie, and also a ‘moment ata any vertical section that is cep to 


“TIED ARCH SPAN Papers’ § 
‘Telativ ely thin, making it appear more as a reinforcement for. 
— 
— 
— 
— 
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— 

— 
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| ) “moment ‘equal to the horizontal “component (H) of force i in the rib and girder 
oe the vertical distance betw een the neutral axe axes of the girder and rib. | 


‘This can be written as follows (see Fig. 2(a)): eer 


in which: H = com-— 
ponent of the tie tension; .M = bending 1 moment: to be alata by the tie girder 7 
M’ = ‘simple beam bending moment at any vertical cross section A-A (Fig. 7 


| produced by the external forces. — The horizontal component of the > ; 


we 


compression is taken as the redundant. _ To determine thi ce ] uly y 
determinate substitute structure, obtained by cutting the rib at 
(Fig. 2(b)), is assumed. The principal of virtual work can be cused de- 
‘Let: A’c = relative horizontal displacement of the two cut faces at C, due 7 - 
to the applied | load, with H = 0; Aic = relative horizontal displacement of the - 7 
two. cut faces at due to H = ;then 


in whieh 


and” 
y 


iS 


e 

ie 


being the bending moment and the direct stress in in of the 
- substitute structure (H = 0), produced by the applied | loads. The symbol m 
a the bending moment and u the direct stress in any ‘member of the acon 
due to H = 1;land Al are the length of of any member and an element of length of 
a member, seupectively, used in the summation; E is the modulus of elasticity; 


A 1, the cross- -sectional area; and I, the Moment of inertia of the cross-sectional 


area of any - member. 
formula for H be written: 


M"Gm Al 
Al Al: 


1 
— 
| 
_ 
@£= 
n- 
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in which . Ag and let are the area and the moment of inertia of the cross section 
_ of the girder, respectively, and Az is the area of the rib 
a be consistent with the assumption that compression alone acts in the 
rib, the hanger loads are assumed to be equal, and the load points or points of 
intersection of the hangers a and rib are selected so that they lie on a parabolic 


The effects of any in the hangers are neglected. This approxi- 
mation introduces very small error because the hangers can be fabricated so that 
q they will have the correct length under dead load; and at any section w here the 
‘moment is appreciable the elongation of a hanger due to live load is small in 


_ comparison with the deflections produced in the rib and girder by that live 


7 For a first approximation, a constant | moment o of inertia on the girder is 
assumed. the numerator of Eq. A-can be simplified as follows: 


Due to H =1, i load i in the hangers i is equivalent me 


(6) 


using the coordinates indicate ated i in F 3. Fo or ‘the girder “u= for the rib 


| 


wing vi values: 


FAR 
Py, 


1ed to be constant t for this preliminary analysis. 


— 
a 
— 
— 
q 
a 
per unit of length. 
Ah 
— 
a 
= 
— he fe 
— 
Eq. 7c, Ar is assun 
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From Eq. 4: 
| 


on he e denominator of Eq. 8a a depends only on the dimensions of t the structure, 

and an examination of the terms indicates that the first term is large i in com- 
parison with two. 

H is obtained: 


The bending moment to be resisted byt the eel at a any we eotient is given by 
the equation 


yde.. 


va panel point in turn, a which isi maximum values a the direct stresses q 
in the rib and girder were computed. values for Me due to unit 


The total bending moment M, which was to be 
by the tie girder in the preliminary analysis, is actually taken by both the rib 


and girder. It is necessary then to develop a method for determining the 
proportion of this total moment taken by the rib and | by the girder, 


In order to proportion this bending moment at any section between the 
- arch rib and tie girder, the relation between the vertical | components of de- 


‘flection of the rib and girder at any any - section will be used. c inks ee, 


At any point - P in the arch rib (Fig. 4), let v represent: the component of 

_ deflection along a normal to the arch rib curve at that point. ‘ From the differ- 
ential equation for the deflection a curved beam, the nor ‘mal component of 


= in w hich di is an element of length 1 of the arch rib; p is the radius of aiaiaiias a 
of the: 


at point P; Mri is : the moment taken by the rib; ; and Ipi is the moment — : 


_ The second term of Eq. 10a _ he iene without appreciable er ror, rand 


equation reduces to 


he maximum live-load moments in the gir determine) 
rib coefficients the ma: d moments, sections were 
Wi liminary direct stresses and mome 
— 
— 
— 
— 
7b) 
i 
| 
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he vertical component of the deflection of the arch rib i ‘is equal to the vertic 
“component of v, if the tangential component. of deflection at P (which i is small) 

is neglected; then 


in w hich is the vertical component of of a is the angle | between the 


first term Eq. 106 can be replaced an . involving n, & 


- las follows: From m Eq. 


(approximately) . . 


wee 

in which Mg is the moment taken by the the girder, and Io i is + the moment 0 of 


‘inertia of the girder. 
_ The total moment M7 is is equal to Mr + Mg; and, neglecting the ibaa in J 


lengths of the hangers, Therefore, using Eqs. 1 145 and 1 


=u, I¢ + Ip cosa 


| 
— q 
= 
— 
Neglecting the last three terms of : 
— 
— 
— 
— 


Mr = Mr( 


ecomes 
m Al 


in which ly = Tr cos a. 


Tue Frnat Design 


The span of of the arch i is 540 ft, with fifteen panels at 36 ms and the rise is 


100 ft. _ To perform the summations indicated in Eq. aT: the structure w was 


divided into sections, each having a length equal to a panel length. W vith 

this equation, influence lines for H were determined as follows: : 


Load at panel point of H 


97 
1. 0772 


2 he tie girder, ‘instead of being straight, follows oi vertical curve of ~ 
‘roadway, and the factor m in Eq. 17 is given by m = t= Y; in which y 
the ordinate to the arch rib and y’ is the ordinate to the g girder. — weed nit 
Ther moment i Mr to be the girder and arch rib rib together i is given 
by: the e: expression (see Eq. 


The Fig. 5 
spe live-load moment was computed for the final design sections, and > 
the proportionate part. taken by both the rib and the. girder 
accordance with ; ‘Shears were but very 


small, 


“Fig. 6 an of the of the design stresses and sections is 
Shown i in ‘Figs. 7 and 8. A -dead- d-load moment of 500 ft-kips" was included i din 
the stresses at each point to allow for the fact that there may be some dead- ss 


load moment in the structure after it is under full dead load 


| 
J 
‘a 
5 
) 
— 
— 
in — 
2. 
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The total weight of steel in the span is 2,166 tons, classified as follows: 
_ 


ti. 
Bracing... . 


Pet) 

Jt! 
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Fic. 5.—Inrivence Lines ror Moment at PaneL Pornts 
analysis, the bending resistance of the rib has been trans- 
ferred to the girder, giving a transformed structure in which the rib takes only 
a compression whereas the tie takes tension and resists the total bending moment Fe 
—— ae with a transformed moment of inertia. Theoretically, it would also be possible § 
to analyze the structure as one in which the bending resistance of the girderis 
aS a transferred to the rib. This would result in a transformed structure in which | 
tic girder would take only tension, while the rib would take compression | 
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and would resist the total bending moment with a transformed moment of _ 

POINT. 


2webs 40 G5.00 |zwebs 65.00 bs 130.00 
Cov. 41 (27° EFF) 21.95] 1 Cov. (27°EFF.) 21.95 Cov. 41 (27° Eff.) 21.95 
Top+2705 Bott. 2530  |Top.2620 Bott:2500 | Top-2850 Bott. 2410 Top+ 
527 13.92 - 37.7 $03+13.82:36.3 | | 
Allowable (Ve) | 19.34 19. 44 
Thrust | Moment | Thrust | Moment. | Thrust | Moment | 
35G0 | + 43 35 3270 | 338 | 
(Moment) | 210 | + 392 | 202 | + 328 276 | + see | | 
(-Moment) | $58 | - 308 | 530_| - 255 | 458 | - «ce |_| 
Total D+L.+1., (+Mom.) 3770 435 + 363 3546 + 599 
4118 | - 383 | %3940 | - 290 SO! 
173 74x-% ,1088y-y 
GMoment| 3943 | | = 
CMoment] 4291 |__| eo2z_| 
“Moment ~Moment 
Wind Direct 660 
Bending 5780 


D.+L414W., Direct 15150 
Bending 7710 


Tota 


| 


25% increase in allowable unit stress. 


25*% 25% 18.75 gr. 15.37 net 31.25 25.62 
2Cov.25*'% 40.63 33.30 |2Cov.25«% 40.63 33.30 2Cov.25x'l6 34.39 28.20 


30.00 2550 


20 30.00 25.50 


16.51 


19.88 


20.16 


39% 24.38 
36,28 


1Cov. 26.8! 22.17 
2Cov.39<46 43.87 


2Cov.39*% 48.75 40.31 
299.089. 239.31 net 
+9770 net 


[Area (or) 28s. 
: |Top. 2640 net Bott net_|T 
D._( Kips) |_2930 [2930 t 465 2230 

| _4tt | - $720 


+ 7315 3177 
3341 


Ss 


[t+ (- Moment) 
Total D.+L.+1.,(+Mom 
O.+L Mom) 


NS 
— 


resi 


sts approximately 93% of the total bending moment an 


if 
— 
iil 
_22,860_| 23950 | 22610 | 23710 | 
7 
q 
i 2Webs 108.00 81.00 |2Webs 108+ 108.00 81.00 |2Websi08+ 108.00 81.00 
| 
3102 + 4808 
-Moment -Moment | +Moment | -Moment | + 
Ostet Bending [soso | | 10830 | 8920 | | 
Fia. 7.—EXAMPLE OF THE ARRANGEMENT or Data: DESIGN STRESSES AND Sx 
_— j. The proper procedure in any case should be that which more nearly agrees _ 
with the behavior of the structure. In the St. Georges bridge, the girder | 
|_| d the rib 7%, so 
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__17.50° ret 

Ps (17 2 Pls. 234 (17° Pls. 2346 EFF) | 2 Pls. 23«2 (17 EFF) 

35.009. 26.80nt 


ss NOTE: Hangers participate partially with rotation of floor 


to Live Load. 
Fie, 8.—ExXaMPLE OF ARRANGEMENT OF DaTA: CHARACTERIS 
s poured, some © 


riveting this position, the desired result will be 7 


close agreement with those calculated by the theoretical analysis. The results’ 
of these tests serve to confirm the correctness of the assumptions made in the 
‘The St. Georges Bridge is a project of the Corps of Engineers of the U. S. 
Army under the supervision of Lt.-Col. Harry B. \ aughan, Jr., M. Am. Soc. 
C. E., district engineer of the Philadelphia District. ss” 


TIED ARCH SPAN 1811 
_ that the procedure used is more nearly in agreement with the structural action [* 
_ The tie girder and arch rib are both cambered for full dead load. However, | a — 
the dead-load moment in the tie girder will not be zero unless the span is aa a i: 
riveted up in the position it will assume under full dead load. Duetothefact : — 
MEMBER [| Ut, | Ube UL, ULL Ule — 
— 
| 
[Material | Silicon | Carbon | Carbon | Carbon as 
q beams 
time of riveting to neutralize the moment produced by the additional dead 
load of the floor slab. This will be accomplished by closing the span on 
h : pin in the tie girder, at the center of the span located above the center line of | 7 a 
4 
model analysis was made of the St. Georges Arch by graduate students 
at Princeton University at Princeton, N. J., under the direction of Prof. E. K. 
i -Timby, Assoc. M. Am. Soc. C. E. The “Beggs Deformeter” was used to 2 
- measure the strains in a celluloid model. Influence values for both the direct. : awe 
— stress and the moment computed from the deformeter measurements were in 
| 4 
7 Maurice N. Quade, M. Am. Soc. C. E., is in charge of the project ~~ f Bde, 
_ firm of Parsons, Klapp, Brinckerhoff and Douglas; Alfred Hedefine, Assoc. M. | aa. eg 
| 7 Am. Soc. C. E., is in charge of the design of the arch span for the firm of | 1a ; os 
' _ Waddell and Hardesty; and Aymar Embury II, M. Am. Soe. C. E., is the . «aes 


ARCH SPAN 


The following symbols, in this paper, conform, with 


‘American Standard Symbols for Structural Analysis, prepared by a a Committee 
of the American Standards Association, | with Society “coopera ation, and nd approved 


by the e Association in 1941: 
area of er cross section: 


AG = = area of girders; 
= r = area of rib; 


E = modulus of elasticity; — 7 
H = ad - horizontal component of rib compression and tie tension; | 


= = rise, of the arch rib; 


= moment of inertia: : 

I¢= of girder; 
Ip = = of rib; 


= length of panel, or structural member; Al = a ofl; 


M = bending moment to be tie girder: 


‘M” = moment i in any member of a substitute structure; 


Me = moment to be resisted by the girder at any section; 


Mr = moment resisted by the rib _—_ 


= total moment; 


” = = bending moment in any ‘member of a structure a to H = . 


s”” ‘= stress in the substitute structure (H = = 0), produced by the applied — 


= direct stress in any member of a structure, due to H = 


= normal component of the deflection; 
@£= horizontal coordinate distance to any point on arch rib or girder; : 


vertical ordinate to ) any point on arch rib; 
vertical ordinate to. > any point on tie girder; 
total deformation = relative horizontal displ: acement of two cut 
OA displacement when H 
= due to H = 7 
n= vertical component of 
a= slope of the arch rib pat any point = angle between the tangent: at 
point P, and the; a-axis: 
= the radius of curvature of the rib at point P. — 
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AUTHORITY PROJECTS 


B. PARKER,’ . AM. EB 


Lod 


. _ The various theories applicable t to. the allocation. of costs of a multiple- 
purpose water contro ol project, and the procedure followed by the Tennessee 


‘alley Authority in allocating the cost of its first three dams to navigation, 


flood contr¢ ol, and } power er, are presented i in this paper. I It is shown that a large. 
difference i in the : allocation of the common ‘costs of a project : affects toa much 


lesser degree the proportions of | the total cost ‘charged to ‘the individual pur- 


Cc onsequently, the final a allocations are approximately correct, within. 


REQUIRE) THE ACT 


The “allocation | problem of | the Tennessee \ Valley Authority, (rv A) was 
necessitated by Sections 9a and 14 (sge Reference 1 in the Appendix) of the 
Tennessee Fics alley Authority Act as amended led. It i is to | be noted at the outset 
that Section 9a spec ifically provides for the g generation of 71 pow er only ‘in so far 
as ‘it is with the navigation and flood 


he and the 1 minimum of Authority’ dams on on 


Ww eas the eurcharge pool were determined iby the maximum amount 

of flood control storage space consistent with a minimum 1 damage to the cities 
and agricultural areas. . Dams on the meres rivers were chosen principally 


w pow to flood control Alc of theee dams ating together 


purposes of navigation an and flood control, poner a large. amount of power. 
Nevertheless, the intent of the Act is ‘dene ond | is rigidly f followed in actual 
practice and in the operation of the Authority's system. 


_ NotTe.—Written comments are invited for immediate publication; to insure publication the last 
ussion should be submitted phone April, 1942. 
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— WwW ith regard to the allocation problem, two reasonable points of view could 
be taken. The power generated by the different dams could be considered 
only as sy product power. In Section 14 (see Reference 1 in aan eumed 


* * as soon as practicable make the power projects self- 


ing and self-liquidating the surplus power shall be sold at rates which in 
_ the opinion of the board, when applied to the normal capacity of the — 
_Authority’s power facilities, will produce gross revenues in excess of the 
cost of production of said power.” 


is might be taken to mean that the rates es should t be such that ie will 
. pay only for all additional facilities especially n necessary to install power equip- _ 


ment at the Authority’s dams together with all transmission facilities without, : 
however, paying any share of the dams themselves. _ A second interpretation a 
would include i in the cost of production | a share of the of the 
used jointly with navigation and flood control. 


In July, 1940, Congress appropriated funds for the construction of the. 
Cherokee hydroelectric project, the Watts Bar Steam Plant, and the installa- _ 
tion of additional units at existing dow mnstream plants. In July, 1941, four 
additional hydroelectric projects on the Hiwassee tributary and a additional | 
“units in downstream plants were authorized. . At present (October 20, 1941) 
Congress i is considering the authorization of two additional tributary projects. 

These projects will be ‘operated primarily. for ‘power production. during the 
7 present national emergency, after which all of the projects | will be operated on on 


a multiple- -purpose basis, and their total cost will be allocated to navigation, 
flood e control, and power. 


me order to assist in the task of determining the proper isis onk to. make 
7 the necessary studies, the TV A Board of Directors created a Committee on 


‘Financial ‘Policy consisting of the comptroller as chairman, the chief engineer, 
the chief water control planning eng engineer, the solicitor, the chief p power a 


ning en engineer, and the chief budget officer. Tt was the opinion of this com-— 
mittee, acting with the advice of a number r of consultants, that in order 


properly to assist “in liquidating the cost or aid in the maintenance of ‘the a 
; projects of the Authority,” a part of the joint e costs should be allocated to pow er. 


In other w ords, although the committee recognized the limitation of the power 
program by priority given to navigation and flood control requirements in the 


‘planning and of the economies the multiple -purpose 


In allocating a part of the joint costs to power r the program was poe 
placed on practically the same basis as (for instance) a private company that 


_ builds its own power facilities at an existing government navigation | dam and 


"pays t oe government a fee for the use of the head created by the dam. _ This 
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be; made ‘with a private ¢ company. building and power development on 
a navigable stream, the government building a navigation lock at the same 
location and granting the company a a reduction or waiver of the license fee 
| agreements between the Ss. Gove ernment and private companies 
examples of of cost st allocations, similar in 
allocations at TVA dams. 
Oo At all times, the TV A Board of Directors was kept inf informed of the com- | 
: work, ane first “Report t of the Inv estment. in the WwW heeler 
"Sever al Purposes of the Tennessee V alley Authority he t,” the 
mitted to the Board each 3 year a report on the allocation of the Authority's 
investment i in 1 the : system completed d during the previous fiscal year. first 
report, which was published as ‘House Document No. 709, 75th Congress, 3d 
included a full description of the committee’s considerations le leading 
to the allocation of the Authority’s investment in the m multiple- purpose projects 


THEORIES or Joint-Cost ALLOCATIONS 


e various theories of joint- -cost allocations described in House ne ent 


the for any single are te 
charged directly to that purpose. 


considered by the 


jointly produced Ww vill generally. he ‘sold prices totaling the joint of] 
duction plus a reasonable profit. _ Apportionment. of costs will depend largely 7 
upon the demand for the products separately. This theory breaks down be- 
re cause there is no ‘open market in which the services ; produced by the Authority 
under conditions of joint supply can be sold. N avigation and flood contcol 
under present conditions, are not vendible commodities. = 
_ Benefit Theory. —This theory advocates apportionment of joint costs on the 
basis of estimated | benefits derived from the « completed development. ee 
al The difficulties peculiar to this theory are principally those of evaluation 
of the benefits. Beneficial effects of any one project are multitudinous. 2 Some 
of these are gains to individual property owners, reduction in costs to con- 
‘sumers, profits to merchants and industrialists, advantages of as social ‘and 
ee ten. some are specific, others general in nature; some are 
easily evaluated, others are intangible; : some are local, others remote fr from the 
Pleo some are immediately effective, others will benefit future generations. 
eee Document No. 709 presents this theory i in some detail and furnishes 


It is to distinguish two versions of th e benefit theor ye 
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December, 1! 


the entire country from the projects constructed by the Authority. Aecord- 
_ ing to the other version, the benefits would be measured by the alternative cost. 
_ of obtaining equivalent results by single-use projects, provided the advantages : 
to the country can be shown to be sufficient to justify the expenditure necessary 
to construct such a single- -use project . This second interpretation is probably 
the most workable of any , of the methods that have been considered and is dis- 
7 -— in House Document No. 709 under the name of ‘ ‘alternative- -justifiable- 


expenditure theory.’ y As similar method was suggested for allocating joint 


7 costs between navigation and power fot for the St. Lawrence River project on the 
| international section of that stream, and has also been used as a basis for allo-. 
eating joint costs of water utilities between commercial service and _ fire- 


Use of Facilities Theory. —This theory would distribute joint costs upon the — 
basis of compar ative use of the joint facilities. _ To each single function would — 
be: allocated such share . of the joint. cost as is ioe by the extent of its use. 


7 however, that the theory might | be usable after sufficient records have been 
collected « over a considerable period of time regarding the actual 1 use which has 


been made of the facilities. For the immediate future, the theory appears not 


tobe workable, 


— Equal Apportionment.— —This r may be considered as a common-sense rule of 
equity to be used when it is felt that no truly scientific basis basis of appor tionment 
can be found. However, a rule does not seem practicable 

respective u uses for each function are not equal. a a 

Special C. Costs. —This theory suggests the apportionment of the costs sto the 

‘several uses in direct "proportion to the special expenditures made for each 
Use. The procedure appears irrelevant where the object of the allocation is 

to impute responsibility for joint costs. 

Alternative -Justifiable Expenditure— —This theory proposes the 

joint costs: in ‘proportion to the alternative justifial able expenditure less the 
cost for each function. constructing pr ojects which serve multiple 

uses, savings may be achieved in expenditures over those necessary for ‘single. =~) 

According to the theory (see Reference 4 in ‘the Appendix), the direct cost 

for: any one purpose corresponds to the investment that could have been elimi- 
nated from the total project: cost if that purpose had not been it included i in the 
elopment of the project. The alternative justifiable expenditure | for any 
- one purpose is the lowest cost of realizing an 1 equal benefit to that obtained i in 
the multiple-use project by a dev velopment u undertaken ‘solely for that purpose — 
such is justified by the benefits ob 
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between freight, mail, express, and passenger business may be made upon some F Oi ee 
comparable use units like car-mile, passenger-mile, or ton-mile measure. __ — 
i When applied to the TVA problem, the theory becomes very involved; an — 
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TVA PROJECTS 


Direct Costs: 


Diet 
Flood control “100, 000 


Navigation 400, 000 
Flood control 4 300,000 


cone! 
Appendix 


ABLE 1 ASSUME D OCATION OF $1 ;000, 000 

 Alter- costs; | Pere centage Allocation | costs’ 


costs minus | total costs Col. 3 plus total 

$400,000 | $150,000 | $250, | $156,000 | $306,000} 30.6 


Pe reentage 


300,000 100,000 200,000 25.0 000 | 225,000 | 
600,000 250,000 350,000 | 7 219) 000 | 469,000 


$1,300,000 | $500,000 | $800,000 $500,000 | $1,000,000 


In Table 2, Items 1 to 2 1 comprise a ‘summary of the trial computations based : 
on the alternative- justifiable- -expenditure method for the successive steps in 
ne TVA program of construction up to the close of fiscal year 1940 and 
including the Wilson, WwW heeler, ‘Norris, Pickwick Landing, —— 
Guntersville, and Hiwassee developments. 1 In 1 Table 2, Items 22 to 34 are 
Ac 
as summary - of the final allocations for this same ‘program ‘as recommended by 
the Financial Policy Committee. — It will be seen that the latter vary from 
trial computations in Table 2, Items. 1 to | 21, by relatively, small sums. 
mi This v: variation represents the factor of judgment that entered into the com- 
_ mittee’s consideration of the problem’ in making their final determination, as 
is explained subsequently. _ (Costs: used i in the three- -plant allocation exclude 
$4,774,905 reserve 


date of f acquisition by tl the Authority. _ Ina all subsequent allocations, total = 


— 


have been used—reconstruction cost new at Wilson—and depreciation r reserv es 


7 

a _ Table 1 illustrates the application of this theory to the following simple — 

hypothetical case—the assumed allocation of $1,000,000; 

is 
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TVA PROJECTS 


Comment 


1 allocation of the costs of the aitlale- -purpose projects is required by 
the TV A Act, which states that the cost of such projects shall be charged to 
flood control, navigation, fertilizer, national defense, and the development of 
power. it also ) requires t that the findings of the allocation shall be t used there- 
after for the p purpose of keeping the book value of these properties. . Although 
~ explicitly stated, it may be assumed that the reason Congress -Tequired 

uch allocation was to determine ‘equitable rates for the sale ae power. This 
pena is further bor borne out by the language of the : same section of the Act 


concerning the keeping of ‘accounts, w rhich 


na ‘for the purpose of accumulating data useful to the ee in the 
: for mulation | of legislative policy in matters relating to the generation, 
, and distribution of energy * the Boar d shall keep 


setting of power ‘tentative were by the engineers 
* of the Joint Inv estigating Committee, appointed by Congress, i in their study “| 
the power rates actually i in effect. T They found that these rates w ould produce 

revenues sufficient to 1 retire more than all of the cost of gen gener eration, transmission, 
and distribution of pow er, , including interest. In fact , without such an allo- — 
cation of costs, it would have been nearly” impossible fot this study to have 


been made? 


_ The various theories of joint- -cost allocation considered by the TV A Fi- 
ncial Policy Committee have’ been previously described herein. Arguments 


for and against such theories are of academic interest, since the real difficulties 
sein their application, 


a. Such | difficulties constitute the real objection to th the dis diree *t use of the benef 
theory, s so-called. This method “appeals to engineers as | being. reasonable and. 
- equitable. It has long been used i in assessing costs of irrigation, flood control, 
and land drainage, where the costs of the projects themselves are paid for by 
- taxation on the real property served or protected. 
i little reflection will convince any experienced engineer that the value of 
the benefits from the various components of the Authority’s S program ‘cannot 
he estimated w ith sufficient accuracy to ser ve as the basis for accounting pro- 
cedures. These benefits are very real and very considerable, but by their very _ 
nature include a wide variety of both tangible and intangible items that ¢ — 


‘ke evaluated with any pretense of ac accuracy 


_— There i is no real justification: for basing the allocation of costs | for — 


= pur poses $ upon any on mathematical formula. pe The e principal me method adopted 7 
: by the Authority : serves more as an aid to judgment than as a formula for the — 
rate determination of definite values. 
this 1 method the common costs are in proportion to the remain- 


. » ing costs resulting from the subtraction of direct costs from the total estimated 
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alternative costs. Thi amounts to assuming that the savings from multiple-_ 
_—— development are shared in by the various purposes in this sa same ‘pro- 


the cost of those. Ww which i in n multiple-p -purpose 
ba ag are provided by the jointly-used portions of the project. 

The exactness of such a method from the mathematical point of view 
deme upon the ; accuracy with w hich it is possible to estimate the cost of a 
hypothetical “alter native ” single- -purpose deve lopments. _ These estimates from 

the accounting: standpoint have ‘practically n no accuracy at all, since they must 
depend upon broad assumptions: regarding t the design of ouch developments. — 
ON evertheless, these « computations are a most valuable aid to the judgment in 
artiving at final allocations ¢ of cost, since they s show the trends of different items, 7 
and the effect of the different and variable factors. 


In the end, the actual allocation of costs must be an arbitrary and empirical 7 
- process, and t the writer ¢ ‘an see no reason why this should not be recognized 
frankly. Since no one method has received a any official or judicial approval, 
it is entirely reasonable to use any or all methods when these are appropriate 


equitable. 


the of the theory. In the cost allocations 
the direct costs of the various purposes can ber readily ascertained and are not © 


“subject to variations due to > possible inaccuracies of estimates. The alloca- 
tions based on the alternative-justifiable-expenditure theor y; how ever, 
affected by possible inaccuracies in the estimates of alternative costs. ' These - 
possible inaccuracies have been held to a minimum in so far as possible in the 


made thus far, since the costs: Ww hich = were | used for alternatives 
were based largely ¢ on 1 the costs of the multiple- purpose projects with ‘compara-_ 


over, a comparatively large» va- 3.—REL ATIVE Errect oF CHANGES 
“tiation in the alternative co costs In ALTERNATIVE Costs (PERCENTAGES) 


CoRRESPONDING CHANGE 
tion j in the final allocations as is. Reduction THE ALLOCATION OF 


demonstrated by Table 3, which | Costs to Powsr 


shows the « effect of v variations purpose 
sy stem* Common Total” 
i in the seven- -plant alloca “costs costs 
tion based on the alternative- Navigation +18 +110 
justifiable- expenditure theor Flood control...) 10 +h +06 
Viewing g this | problem in its 
owes ‘oadest sense, iti is evident that Other systems remain the same. 


no allocation can be determined . 
with mathematical precision. . On the other hand, there are reasonable limits _ 


to the variations i in alloc ations of common cost. Se 


_ Where three major Purposes are involved, it w would an obvious absurdity: 
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power production is ncidental to the 


it is justify to pow one third the 
an ‘The TVA allocation of common costs to power has been set at 40% for the 
-three- plant to seven-plant sy stems, resulting in an average allocation to pow 
of the total costs of about 52%. — W ere the allocation of common costs increased 
7 from 40% to 507%, tl this would i increase the total to only 58% \ whereas.a decrease 
— in allocation of the common costs from 40% to 33} 10%, would reduce the total 
“to only 48%. 
‘Thee extreme reasonable range of the total allocation to power, regardless 
_ of the method adopted, therefore, is from 48% Zo to 58%. _ Considering the 7 
= of the pr roblem and the wide divergence of in 
connection, this is distinctly reassuring. 
Bonneville Project. —Reference 6, in n the einai contains material quoted 
— from the Federal Power r Commission’s s release } No . 380 with reference to the 
& allocation of costs for the Bonneville project. ce ; 
ia Boulder Power Plant.—The Swing- Johnson Bill, Ww hich provided for con- 
struction of Boulder project, required that before c construction of the dam was 7 
started contracts should be engaged for sale of power at a price sufficient to — 
repay the entire cost of the construction of the dam, together with interest at 
4%, in a 50- yr period. _ The actual contracts as entered into with the various: 
lessees ‘provided that each shall pay a certain price for use of falling water at 


8 dam, and that the cost of the power ‘installation shall also be paid by these 


4 gether with interest. . These contracts are now in force ih ieee the 
cost of the dam will be repaid as provided in the Act 


the of Los Calif., has endeavored to obtain a a modi- 
fica 


5. . The allocation was s made as as directed by. Act of Congress; Te! 
2. 


Allocation is not based ‘exactly y on any o one mathematical ¢: calculation « or 
formula, the final sums being fixed by judgment and not by computation; 
coe 3. Items used solely for a particular “purpose are charged to that pur- 
_ pose alone; is therefore only the remaining “common costs” which h require 
a. 4, ‘A considerable variation in the allocation of common costs affects, to a 
a much lesser degree, the propor tions of the total cost charged to the three 


Because the allocation of common costs i is at all open to 
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ould be repaid in 5 
ae ce years instead of 25, and the rate of interest on 940. , | 
duced from 4% to 3%. This 
from 4% to 8%. Th 
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4 comparatively ‘small, — It can be shown, therefore, that the final allocations 


are approximately corr cor rect, within reasonable limits, regardless of the method 


of the in the preparation of this pap 
mates and ‘similar data, was contributed by Ww. L. Voorduin, “Assoc. in. 
Soe. C. E., of the TVA - engineering staff. 
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APPENDIX 


reservoir in possession to regulate the. flow primarily 
the purposes of promoting navigation and controlling floods. So far as may 
consistent such , the is to provide and 


of the acgoontinn: and fe for the use of the United States or any agency thereof; 
“a and the board is further authorized , wheneve er an opportunity. is afforded, to 
provide and operate: facilities for the generation of electric energy in order to 


avoid the waste of water power, ‘to transmit and market such p pow er as in ‘a 


act t provided, and thereby, so far as may be practicable, t to assist in liquidating 7 
the cost or aid i in the maintenance of the projects of the Authority. agape 
“See. 14. The board shall make a thorough investigation as to the present 
Vv value of Dam Numbered 2, and the steam plants at nitrate plant numbered 1, — 
and nitrate plant wuniened 2, and as to the cost of Cove Creek Dam, for the 
‘purpose | of ascertaining how much of the value or the cost of said properties 
shall be allocated and charged u up to (1) . flood con control, (2) navigation, (3) 
‘fertilizer, (4) national defense, and (5) the development « of } pow er. _The find- 
‘ings thus made by the board, when approved by the President of the United | 
States, shall be final, a1 and such findings shall Casenter be used i in all allocations 


manner, on cost and book value of any iy steam plants, or other similar 
improvements hereafter constructed and turned over to said board for the 
’ purpose of control and management. shall be ascertained and allocated. __ 


“The board shall, on or before January 1, 1937, file with Congress a state- 


ment of its allocation of the value of such soopertlen turned over to said Board 7 
and which have been completed prior to the end of the preceding fi fiscal year, * 
and shall thereafter in its annual report to ‘Congress - file a statement of its 
allocation of the value of such properties as have been | completed during the— 


preceding fiscal year, 
“For the accumulating data useful to the in the formu- 
lation of legislative policy in matters relating to the generation, transmission, 


_ and distribution of electric and the of chemicals n 


December, 1941 TVA PROJECTS 1823 
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‘TVA PROJECTS 


tribution of electric energy poe shall keep a the total 
Se of generating and transmission facilities constructed or otherwise ac- 


quired by the of such chemicals, and a 


have none, then it is empowered and directed to uniform 
‘system of accounting, together with records of such other physical data and 
- operating statistics of the Authority as may be helpful in determining the actual 


~ cost and value of services, and the practices, methods, facilities, equipment, | 
"appliances, and standa rds and sizes, location, and geographical and 


and the more use of electric 
data be seported to the Congress by the board from time to time 
_ with appropriate analyses and recommendations, and, so far as practicable, | 
“shall be 
and State agencies 1 which may be concerned with the alaiaiitatinn of legisla- 
tion relating to the generation, transmission, or distribution of electric energy 
and chemicals useful to agriculture. It is her eby declared to be the policy ot 


this Ac t, that, in order, as soon as to make the power Apion 


Authority’ power facilities, will gross" revenues in excess of the 

“cost of production of said } pow er and in addition to the statement of the cost 

“of power at each power station as required by. section 9 (a) of the ‘Tennessee | 
Valley Act of 1933,’ the board shall file with each annual report a statement of 
_ the total cost of all power generated by it at all power stations during each 


aioe the average cost of such power per kilow att- hour, the rates at Ww nich sold, 


and to whom sold, and copies of all contracts for the sale of p pow er. leche 


Ref. 2 - —‘Rules | of Practice and Regulations” of the Federal Power Commis- 


( (dated June 1, 1938), Section 11.22: 
“Reas 


Government dams or other structures owned by the United States and 
the use, occupancy, and enjoyment of the lands of the United States adjoining 


and pertaining thereto will be based uy upon the estimated value for p pow er pur- 
bid the properti ties privil ileges for which a license i is issued * * *,”” 


Some examples of power - facilities built by private com anies 8 subj ect | to 


Hudson Green Island 


Kanaw ha V na Valley E Company Kanawha 


— - - mission and other Federal and State agencies, and to the public, the Board " = 
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December, 1941 
Ref. 3.—The ‘Third Annual ts Federal Power (for 


the fiscal year ‘ended June 30, 192 *) states regarding Project No. 362 (Twin 


25 
n 


“Te recompense the Ur nited States for the use of said dam and appurten: a) 


structures and lands a adjoining | and pertaining thereto, the license to pay as a 
— annual charge the sum of 440 said sum being interest ” and 


‘cost of said: dam, as would be justified if built or pur- 


chased solely for purposes of power dev elopment.” > aided 


4.—H. Doc. No. 709, pp. 19-20: 


sc: “The ¢ oncept. of alternative cost is premised on the theory that the ex- 
> penditure in single-use projects would be justified by the benefits obtainable; 
hence, the alternative cost may be taken as a measure of the investment whic h 
the individual purposes would be justified | in expending in a joint venture. 
Where such a cost w ould not have been justified, it is necessary to substitute 
lower estimate based on evaluation of the 
“Through the medium of alternative costs, a relative measure ‘of value. 
applicable to all purposes is utilized In applying this ‘method it is nece 


‘stantially same of service for each ‘separate 
can be obtained. fundamental assumptions which underlie the cost esti-- 
7 mates for ' single- -use structures must be as reasonable and practical as they can 


be made and must be based upon experience ee and after adequate investigation.’ 


‘Ref. 5.— Doe No. 20: 


committee hi has reached the conclusion that no one method furnishes the 


cation that would reflect the _ 
various Pate of the total joint costs to be yan on the several f functions of 
the Wilson, Norris, and WwW heeler projects. _ The committee recognizes that. 
each of the relevant methods a measure of validity under some circum- 
stances but. that there are objec tions to or difficulties in the application of all 
the methods to the Authority’s pr ojects. Much time and effort were devoted. 7 


to testing out the various hypotheses involved on the existing and proposed 
3 projects of the Authority. - The allocations finally recommended are admittedly 


based on an exercise of judgment after considering - all facts; nevertheless the | 
> 
committee is unanimous in believing that hehe furnish a a fair basis for aad ae 


“The three completed projects represent a great national- but 
because they are not in operation for that purpose during peacetime, it appears 
to be impracticable to attempt to allocate any portion of the investment to 
- their wartime use, and the recommends that no part of the invest- 
ba their wartime use, and the ‘committee recommends that no part of the invest- 
‘ment be assigned to that function. .. It is further recommended that no part: 7 


of the. joint investment be allocated to fertilizer, : since fertilizer - operations are © 


— 
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Wath to the throo nlant allocation the committees further 
— 
4 


e No. Federal Power Commission: 
“The initial power development at Bonneville, “which will have 


- electric generating capacity of 86, 400 kilow atts 01 or approximately one-fifth of 
the probable ultimate installation, is slated for completion by June 30, 1938, 
a at a total estimated cost, including: interest during construction , of $9,180, 500 

for facilities s solely for poner ‘purposes. The Commission has Gis 
ge sm to initial power r development and, in addition, has allocated — 
$2,501,900 of the total estimated cost to June 30, 1938, of ogee having» 
joint value for the purposes « of ni navigation and power development. — ; 
“The $2, 501, 900. figure was obtained through | the determination that, 
ultimately, power development may fairly bear 32.5 percent of the | cost. of 
facilities having joint value for the production of electric energy and other 
_ purposes. es The total estimated cost of such facilities to June 30, 1938, , includ- 
ing fishways, is $38, 490, 700 and the present allocation to initial pow er ad 


ment is one-fifth of 32.5 percent of sum. 


‘874, 144 ,600. this figure, has estimated the cost of 
ultimate power development with ten generating - units having | an | aggregate 
a capacity of 504,000 kilowatts, together with the cost of all at-site appurtenant _ 
_ facilities for pow er use ( only, to be $29,448,000; and the cost of facilities ane 
joint value for navigation and power purposes, including fishways, to be 
x $39,179,000. It is estimated that the cost of facilities for navigation purposes 
J only will be $5,517,600 as of June 30, 1938, and n no oe ga — costs for 


— 
i aa being ¢ hts of the 
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ee wer development may fairly bear 32.5 percent of the cost of facilities having ; 7 
appr 0x of the Bonneville project 


“AMERICAN SOCIETY OF ENGINEERS 
November 5, 


PAPERS 


DEVELOPMENT OF TRANSPORTATION IN 
THE UNITED STATES | 


BY E. TEAL,* M. AM. 


| 


The | first r ailroad chartered in the United | States was the Baltimore and 
Ohio, in 1828, and the story of the development of the railroads that follow ed, 
Wane 
/ which made possible | ‘the United States as it exists today, i is intensely interesting. ? 
Other forms of transportation have come into being, | and some | have | grown 
toa point t where they are having a decided influence on the social and id economic a 
environments of every community in the Nation. These agencies as of trans-— 
portation, under present conditions, are all competitive with each other, and | 
ee certain economic influences have developed that apparently have resulted din 
os Wi ith the i impor tance of the issues in mind, , the writer has endeavored yin 
this paper, to sketch the history of transportation during the past one hundred 
a more years, to outline briefly some of the economic conditions, and to 
a a few of the pertinent: factors involved. : An effort has been made to 
- correlate fa facts and data p pertaining to the subject, w vhich i is is now a transportation _ 


problem so. vital ‘and so far- reaching that a sound national 


| TR ANSPORTATION 


poe through several distinct stages. _ The “First § Stone” of 1 the Baltimore 


a“ Ohio Railroad was laid on July 4, 1828, at which ceremony the venerable 


Charles Carroll, of Carrollton (Va.), remarked: 


‘consider this among the most important of my life, 


only to the signing « of the De Declaration of eines even if ‘indeed it 


_ Nots.—Written comments are invited for immediate publication; to insure publication the last dis- 


cussion should be submitted by April, 


"Transportation Engr., C. & 0. Ry. Richmond, Va. 
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developing road equipment, and plant: facilities, and i in the of finance 


‘The next forty years was a peric iod of very rapid railway expansion. 
railway systems had been pushed west across: the: Allegheny ‘Mountains 


Chie hicago, Ill., and the Union Pacific and the Central Pacific railroads hed been 
completed by 1869. Railway development was rapid “during the period 
leading to the depression of 1873. The decade 1880 to 1890 w itnessed an 


4 ‘increase in railway lines devecigesttendle more ‘than 70, 000 miles, when a n a number 
transconti 


Fie. 1 —Ratroap DeEvELOPMENT Was Rapip Durina THE PERIOD 
LEADING TO THE DEPRESSION OF 1873 


pony state, and local cal governments became oovinial 4 that the ‘railways w were 


‘jndlapenasble to the p prosperity y of the Nation. Railway construction ‘wis 


— | by m means of federal land grants and financial subsidies until about 
(1871. Some financial aid was contributed after that year, 

1890 to the period of federal control (1917 to 1920) might be con-_ 
dered as the finishing period of the railway plant. Railway construction 
consisted mainly of the building of feeder and cross lines or new branch lines— 
the rounding out of the railway : system as it i isk known today. Railway mileage 
was increased from 163,597 in 1890 to the peak of 254,251 in 1916, but this — 
had receded t to 235,064 miles in 1939. _ Track mileage reached a maximum of as 


429 miles i in declining to » 408, wee miles i 1939; ‘thousands of miles 
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‘The last per riod, cov ering two « decades, is of great os in n the val way 
pieture; it when highway transportation entered upon a new era of 
“development. As the result of competition growing out of common- carrier 
service on the highways, the revival of waterways, the expansion of pipe- -line 
transportation, and the coming of the airplane, the railway industry has aad 
to “tighten its belt”’ in order r to meet finar financial ul obligations. — Se 


OPERATING Res RESULTS Stxce 1920, 
avestment in ‘railws ays “amounted to 
$26, 527 ,000, 000 in 1930, decreasing to $26,131,000, ,000 at the end of 1939. 
‘Peak revenues reached the total of $6,383,000,000 in 1926, declined to an 


average 0 of $3, 622, 000, 000 per yr from | 1931 to 1937, were $3, 995, 000, 000 


Net income, after fixed charges, its peak in 1 1929, with a total 
$897, 000,000, heat only averaged $35,000,000 per annum fon: 1931 to 1937; 
in 1938 there was a net deficit of $129,000,000, with a net gain of only $93,000,000 

in 1939. _ Railw ay taxes increased from $276,000,000 in 1921 to $356,000 000 
in 1939, or 29%; and taxes per one dollar of revenue increased from 5.0¢ i an 


4 to 8. 8.96 in 1939, o1 or The: rate of f return rned railroads on 


-: the years 1931 to 1937, 1. 437% in 1938, pats 2. 26% % i in 1939, a a 10-yr r decrease 


oe _ Railroad freight traffic reached 447,000,000,000 ton-miles, its peak, in 1929, 7 
averaged 292,000, 000, 000 ton- smiles from 193 1 to 1937, 333, 438,000,000 
ton-miles in 1939, a 10-yr decrease of 25% -.. = - Railroad passenger t traffic reached — 


its ‘Peak i in 1920, when 46,800,000,000 passenger- -miles w ere handled, declined 
an average of 19,900,000, 000 from 1931 to 1937, and amounted 


22, 651,000,000 in 1939, a 19- -yr decrease of 52%. 
ss Railroad freight rates declined from 12.75 mills per ton-mile in 1921 to an ~ 


«average « of 9. 96 mills from 1 1931 to 1937, and ¢ 9. 9.74 mills per ton- mile i in 1939, 
an 18- -yr decrease of 23%. be Average revenue per passenger- -mile declined from 
a maximum 1 of i in 1921 to 2. 033¢ from 1931 to 1937, 1. in 1989, 


downw ard trend i in freight and passenger rates. 
Railroad employment declined from the peak figure of 2,022, 000 in 1920 
to an average of 1,063,000 from 1931 to 1937, and 988,000 in 1939, a 19-yr 


Because | of the failure of m many carriers ers to meet their interest charges, the 
—¢ “a of the railroad industry i in general has been greatly impaired, and must 
be recouped i in n the future. — The 1 meager financial results of railroad operations 
7 for 1938, amounting to 1.43% return on the investment, were § secured by 


oe heavy redaction 1 in maintenance and other expenditures, some of which must 
= 


be made up at some future date. Closely related to the subject of maintenance 
is the e decrease in ability o of the railroads to contribute to the national « economy 
in the form of purchases of the products of manufacturers and other industry. — 
capital ex made by t the for the period 1921 
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Papers Dee 

this avera age amounted 000, or a decrease of $511,000,000, e 
erage 

$724,000, 000, or per, ‘annum. Thee: show that. $34 
under normal conditions the railroads are heavy consumers of the ers of = 
other industries anda are, epee an n important factor in the Nation’s business. or 
Me C or 

More than af 
mileage, are now in the hands of. receivers or is larg eal 
proportion of rail mileage in bankruptcy ever recorded in the history of the _ 
 é is only necessary to note the man many improvements that have developed lm 
in rail transportation during 1 the two o decades 1920-1940, and more particularly ‘ th 
the latter of. the | two. _ Every one knows of the modern, streamlined, air- riv 


conditioned, high- speed passenger trains, and the faster freight, _ including the 


May: INLAND W ATERWAY TR ANSPORTATION | 


The histor y of inland waterway transportation, of course, antedates that 


of ‘railroad transportation. Rivers and canals w ere. among "principal 
channels of transportation in the United States until the close of the Civil 
War. In Virginia, the James River Company, organized by George Washing- | 
ton and others, as a stock co company, in 1785, had as its object the e construction : 
of a canal from the tidal basin of the James River at Richmond, Va. , following — 
that ‘river to Clifton Forge, Va., and across the Allegheny by 
“highway, to the Kanawh ha River, a tributary of the Ohio River in West Virginia. | 
The canal was completed for a distance of 200 miles, when financial troubles 
stopped construction. The proper ty was later taken over by the predecessor 

of The Chesapeake and Ohio Railway Company. . By the close of 1825, the | 
_ Erie Canal had been completed between the. ‘Hudson River and Lake Erie, 7 
3851 miles, and in 1828 the Chesapeake and Ohio Canal w was under constr uction 
from the tidal basin of the Potomac River at W ashington, fora distance 
of 186 miles, following the Potomac River to Cumberland, Md. 
Canal spread very rapidly, r not only i in those states along the | 
2 _ eastern seaboard that were in heed of lines « of communication with the Middle — 

: 1 West, but also within the Western States. Following the Civil W ar, in 1865, 


a= the development of railways attracted much of the commerce that for merly 
Pm moved by water. The railways also created new commerce in many areas 


ae on not served by rivers, following which traffic on the rivers and canals declined 


ee The first turnpike roads were built in the United States with the view that. 
full cost of t transportation should be borne by the : shipper. Likewise, 
a was the intention to charge tolls for the use of the canals; but returns from this 
source were to capital charges and maintenance 
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“New ¥ ork system 0 of inland waterways, 
Erie- Champlain canal, made a better 
supported substantially by general taxation. he total canals to 
people of New York from the beginning to : has amounted to more then 
the total expense aggregated 
$109, 195, 000, or an an nite rage e of $9, 927 000 per annum, divided thus: $31,398,000, - 
or $2,854,000 per annum, for oper ration and maintenance, and $77,797,000, 
or $7, 073, 000 ‘per annum, for carrying charges on construction cost, computed 
at 4% per - annum. This brings the grand total of expenditures, to 1940, to 
-$455,19 195 Annual credit revenue received by the commissioner of 
canals and w: atery ways for various services amounted to $607,000 for 1940. _ aks 
—_ By 1885, the rivers and canals had lost most of the high- -grade traffic. 


_ How ever, low-grade traffic, such as sand, gravel, and coal, continued to. aero 


“the of ‘coal traffic a on n the and Ohio 1 rivers 
Tiver transportation vas inimportant. 


Fie. 2.—Tae Invanp Waterways RENAISSANCE RECEIVED A GREAT STIMULUS 


century, received a a the first World W ar, r, and 


since the e war has been carried f forward with the assistance of fostering legislation 
and the spur of government officials, and organizations. 
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chief of engineers of the United 1 States A Army for 1939 shows that a total of 

$3,637 ,528,923 has been spent or or authorized on on the construction and main- 

tenance of waterw ays projects to June 30, 1939, of which approximately 

$2,655,000,000 has been spent or authorized for river and harbor navigation 
4 projects. Of this amount, approximately $1,123,000,000 was on the Mississippi — 
_ River system, $517,000,000 for other waterways, and the remainder for seacoast 

- and lake harbors and channels and intercoastal canals. a The total mileage of 

inland w waterways, according to the Board of Engineers for Rivers and Harbors, 


* Gulf Coast rivers, including the Mississippi River sy stem... 
Pacific Coast rivers 


Of the total ein, 15, 688 miles have a depth of - than 6 ft; 5,394 miles 
have depths ranging between | 6 ft and | 9 ft; 4, 746 miles have depths r ranging 
from 9 ft to 12 ft; and 1 ,578 miles have. greater than 12 ft. 


1. —W ATER-BORNE TONNAGE commerce on the Great Lakes, and 


on rivers, canals, and connecting 
Tons (T (Tue SANDS) channels in the United States, afte 


t It Tot 
is shown in Table 1 for the calendar 


204°569 318, 213 
226,760 table it will be seen that the tonnage 
O73 


| 224,151 years 1920 through 1938. From this 


276.264 | 399/052. ‘other than on the Great Lakes ‘inn 
287 360, increased from 125,400,000 tons sin 
to 277,756 000 tons in 1938, a an 

increase of 121% 
ie The total ton- intiiaat on inland waterways of the United States during © 
1938, exclusive of the Great Lakes, was 17,742,506,538. The total ton- mileage 
on the Great Lakes was 49,004 019 ,901, which, together with that on the 
rivers, canals, end connecting channels, makes a total ton-mileage of 
66,746, 526, 439. Computed on the basis of 4. 46 mills per | ton- mile (average 
for Inland Waterway Corporation 1924 to 1935), ‘the e expense to the shippers 
using river 8, canals, and connecting channels for transporting 1, 742 mil million 
tons one ‘mile in 1938 would be approximately $79, 000,000. ~The cost 
owning and “maintaining: the waterways, ‘of course, is borne by the federal 


period, , extending to about the middle of the nineteenth century, the initiative | 


periods, each characterized usage of a distinct 
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TRANSPORTATION 
: “in furnishing major highway routes was taken by the federal government. _ 
This was gradually relinquished, until about 1856 all federal jurisdiction over a 
‘the national highway routes had been assumed by the states through Ww hich oe 
the routes passed. During this time a number of states had found the de- : 
velopment of subsidiary highwa ay 1 routes to be burdensome and had — 


some of them on a commercial basis by granting charters to individuals or 
companies, "permitting | them to roads, The states, 


Prior to 1892 in the field of highway transportation — 
involved no particular complex problems of public policy. - Both the building 
Of the roads and the building of the motor vehicles were passing through 


experimental phases. ' The use of the ublie highways for pure rely commer cial 


a The second period in the development of the highway transportation as it 
“exists today embraces the one of rapid railroad building, extending to about 
1900. As the railroad mileage expanded, the use and necessity of the highways 
‘decreased to a position of 1 of -Mainor r importance. 7 As transportation over public 
roads became unnecessary and ‘unprofitable except for short distances, the. 
- building and maintenance of these roads were reduced to a matter of local 
: importance only and consequently, were left to the small political subdivisions, 
such as the county, township, and road district. It follows that from _ the 
middle to the end of the nineteenth century only a small proportion of f highway ay 


travel passed beyond the boundaries of local political subdivisions, and the — 
administration and furnishing ay f facilities 


thus narrowed down to such ar 
The year 1900 marks the beginning of the third period, "which j is character - 


ized by a very Tapid i increase in the use of the h highways s. As the automobile 
deve eloped, it soon became apparent . that transportation on the highway ays for 
longer distances was possible, resulting in the creation of traffic that bore © 
little or no relation i in Point of origin and | destination to the po political ‘areas 
through which it passed. Such traffic was of an entirely different character 
than the type that moved Ww holly within the local subdivisions. It was also 
realized that t the « cost of highways requir ed by these different tyr pes of traffic 


but that a a certain pa of the cost should be borne by. the taxpayers at heme. 
a From 1900 to 1920 the development of the highway w was somew vhat similar 


various experimental stages as as to won ‘of in its 
: As the volume of traffic grew, the wear and tear on the highways became more 


3 apparent, and better and and stronger materials were > required t to maintain them. 
During decades: (1920 to 1940), h owever, rapid expansion | of 


has given rise to a substantial volume of commereial operations on ‘the 
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In 1921 the highway United States s aggregated 2,924 
of which 202 915 ‘miles, or 6. toy were under the control of the state authorities, 


affected the yt the and ith 


or ‘41, 6%, of the state-controlled mileage in 1921 were iniiani ond, of this 
mileage, only 1. 14, 707 miles, or 17. 4%, were of the high-type — — — 


‘By close nificant shifts had occurred in this 
The rural highway mileage had expanded only 110,388 miles, or 3.8%, whereas | 
the state highway system had added 126,027 miles s, an increase of 62.1% 

About 12% of this increase in state was caused by the transfer 
mileage to state systems, rather than an expansion | of entire road 


mileage. It is also significant that by the vend of 1931 7 


out 74% of the 
state highway ‘system mileage was s surfaced, as contrasted with 42% in 1921. > 
_ More than 33% of the mileage in 1931 had high-type surface, as compared 
During 1931 and subsequent years, various state highway commissions 
have taken over the supervision of the construction and ‘maintenance of certain 
_ county highways which, together with some road mileage previously reported, 
formed a secondary s system | of state — and at the close of 1938 the 
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= 
existing mileage of public r Toads and streets under state control aggregated 


§41,841 miles, distributed a: as follows: 


‘United States ay sy (1938) 


Total. 
Urban expansion of state highways. 


Total mileage under state control....... 
Of this mileage, , 42 24, 24,791 miles, ot 78%, have been surfaced. 
going data it may | be s seen that the state- controlled mileage 
202,915 in 1921 to 328,942 miles in 1931, or 62%, and to 541,841 miles in 
- 1938, or 65% over 1931, and 167% over 1921. So 


_—_ Estimatest indicate the total cost of the highw ay system at the close of 1939, a 


ONE, 


_ including state highways, county r roads, and city streets, to be $35,218,000,000 

divided shown in Table 2, 

The Bureau of Statistics, Inter- “TABLE 2.—HicHway Costs (MILLION 

state _ Commerce Commission, Douars); 1939 

placed the investment in high- 

ays and vehicles us used in inter- Item State. | 
“city transpor tation in the United b 


| Prior to 1921..... 4,276 | 1,921 
States at $24,232,000,000, as of 1921 to 19320... 4, 008 720 | 5,210 


| 1933 to 19374 3,933 3,042, 3,269 
1937, "Approximately $12,187,- | te | | 
312,000 has been collected from 


the users of streets and high- 

“ways through gasoline taxes, a 35217 
~The first appeared i in 1892, and that time the growth th of 


automotive transportation and the development of | ‘the extensive highws ay 
system i in hes United are coincident and interdependent, The record 


increased to 8,000 in 1900, ‘and to 55, 009 in 1904. _ Of these 55,000 vehicles, 
410 were classified as trucks and road tractors. : | From this date, the number 
of automobiles classified ‘as passenger ¢ cars, , taxis, buses, trucks, and road 
tractors increased annually to a total of 9,231,941 in 1920, divided thus: 
8,225, 859 passenger vehicles and 1, ,006, ,082 2 trucks. 
: a A peak of all motor-vehicle registrations was reached i in 1930, when a total <s 
_ of 26, 545,281 vehicles w: was recorded, of which 86. 9% were e passenger vehicles _ 
and 13.1% were trucks. — During the next few depression years, the number — 
registrations | decreased, and totaled 23,827,290 in 1933. The number in 
Ps 1940 was 32,452,861, of which 27,434,979 were privately ow ned passenger > 


“What Is Public Aid to Transportation?” produced and distributed by the Assn. of Am. Railroads. 


stimates for periods up to 1937, inclusive, by C. B. Breed, Clifford Older, and W. S. Downs, nee Engrs. | 
Estimates for 1938 and 1939 based on previous 5-yr period. 
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hicles, 4,590, 386 ere trucks, and 427,4 496 Ww vere publicly ow yvned. vehicles. 
The sr i of motor trucks had increased from 1.7 in 1904 to 14.2 in 1940. 
_ Passenger-c car traffic is fairly homogeneous as to both character of traffic 
and type e of equipment; no such uniformity, however, , exists in truck operations. 
Widely different types of vehicles are used in the several kinds of truck opera- 


. tions, a and variations in ownership and operation exist and various types of : 
services are renderec 
: "The number of trucks e s engaged i in short commercial or pri ivate hauling over 
the highways i is not accurately know nn. It has been estimated, however, that, 
of the 4,590 ,000 privately owned motor and tractor trucks, approximately 


a rma 000 are farm owned, . 626, 000 a are ‘privately owned and not operated for a 


“Approximately 86% of all the trucks are 


> —_—- by the owners, and about 14% are | common and contract carriers, 


for hire, or under hauling agreements. 


s; 1940, 1939, 


1988 


$870,692} $822,013 "$772, 060 


State guecline tox: collections—nete. 
373,771 353,533] 340,061 


Registration fees for all vehicles... 
Fees for permits, certificates of title, fines and 65,407} 58,961 48,764 48, 


.-|$1, 309, 870 $1, 234, 507 $1,160,885 160, 885 


Owned by federal government 
Owned by state, county , and municipal gov 


Gasoline consumed (gallons). 


” | Average gaoline tax (cents) per galloné... 
Average persons per vehicle in the U. nited States¢. 


12 | Average car registration fee i in the United States/. -67— 


¢ Plus inspection fees, dealers’ license fees, fines and penalties, and aviation gasoline. = 
> Motor-vehicle users in all states paid some or all of the taxes and fees included under items 1 to 2 


. Includes trucks: 4,590,386 in 1940, 4,320,829 in 1939, and 4,224,031 in 1938 (see Table 4). a 
_ 4@Item 1 divided by item 9. _ Rates for individual states range from 2¢ to 7¢ per gal. +O 


Population ided by item 5. 10.4 persons in 1921. 


eran operations have been ian to a wide range of transportation 
tasks, which vary from the handling of light farm produce and encoraly 
"of household goods, merchandise, and machinery, to the heavy ser vices of 
logging camps and construction - work. The distances over which han 
geing camps The over” “a 
4 


operations oceur vary widely. Common carriers and contract trucking 


A ations are scheduled i in runs of from 50 to 100 miles to more than 1,500 miles 


| 
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4 "features of commercial trucking operations until about 1930 . Since that time 
there has been a tendency to consolidate trucking operations the 
county, 
— Under provision of Act of Congress dated August 9, 1935, the ¢ common- 
truck operators and contract operators: handling interstate commerce 
: are subject to the jurisdiction of the Interstate Commerce Commission, and 
for the period closing with March, 1940, the Commission received reports of 
"Table shows and statistics representing 1,106 motor carriers of property. 
Table 3 shows motor-vehicle statistics for 1938, 1939, and 1940, isan 


of December 31, ite were as shown 

jin Table4. 

Information i is not readily ‘avail- 31, 1980 


able covering the status of 


through the reports to 

state Commerce Commission, which | 
show that for 1939 a total of 1,105 | 
carriers were e reported as receiving 

gross operating | revenues aggregating 


(1,641,166 
84,974 
2,247,219 


. . 


8425, 373,099, and operating revenues 


$20,663,530, divided thus: 82. 5% 
4,299,000 


To, but not includ 
For the same year 


motor: carriers sof p passengers s reported 
= aggregating $143,108,224, of which $123,899,080 was for passengers = 
carried be between cities a and 1 $19, 209, 144 was: received from local or suburban 
passengers. | The net revenue ue reported amounted to $20, 249, wes. 


anp GasoLINe Pipe Lines 

Pipe lines serve the oil industry by: (1) Assembling crude “a at wae 
‘points for storage or shipment to refineries; (2) shipments of crude oil to a 
refineries or marine shipping terminals by trunk lines; and (3) long-distance — 
shipment of the principal refined products from field or tidewater refineries or 

tank terminals. Pipe lines are classified as gathering and trunk lines. Ls The 
— lines are usually laid o on top of the ground, and range in size to 
bout 4 in. in diameter, whereas the trunk lines are laid underground, below 
, and are commonly ¢ 6 in. to 8 in. or n morein diameter, 

_ The pipe-line mileage of companies reporting to the Interstate Commerce 


99 


amounted to 98, 661 ‘miles i in 1939, divided thus: 59, 108 in Hines 


and 39,573 miles in gathering lines. 


_ The e development of pipe lines m marched side by side wi with the the development 
of the oil industry. ’ The first successful line, 4 miles long, began operation in 
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‘the fields of western ania, in December, and, 


About 96% of the oil prior to 1900 was trove fields 
the Mississippi nines. ~ During tl the next. 30 years this relationship changed and, 
by 1930, 66% of the oil came from west of the Mississippi River. In that yea year 
are = states of California, Arkansas, Oklahoma, and Texas, together, produced 
~ more than 86% of all the crude oil in the United States. enol 
Between 1892 and 1914 there was great expansion in pipe- line construction, 

and at the end of that period five major companies operating in the m oid 
- eontinent field had a total of 6 ,059 miles of trunk lines and | 3,956 miles of 
| gathering lines. This expansion extended into California, end five companies 
+ operating there had lines aggregating 2,439 miles in 1919, ee 

Since 1920 the development has been part of the growt th of large oil com- — 7 
panies. The m numerous oil discoveries in the two decades 1920 to 1940 have 
Lae resulted i in 1 adequate. oil reserves and I the g growth of industry ir in its many phases; 


> the automotive uses for oil and its products, especially, has increased greatly 


the demands on the oil industry, 1 


: ‘Until 1 1930, pipe lines were used mostly for transporting | crude oil I to re- 2 
 fineries, ar and refined oil and gasoline to > shipping terminals; | since that time. they Es 

— also have been utilized i in transporting ¢ gasoline from tl the refineries and 1 shipping o 

ter minals to market centers. This practice now exists along the easter 

seaboard and from mid-continent fields to Lake Michigan and to Ohio, upper 

and Missouri river valley points. 

~The transportation of oil and oil products through pipe lines has become 
“major i industry i in itself. I In 1921, there was a total of 55, 260 miles of gathering 
and trunk pipe lines oper ated by companies repor ting to the Interstate Com-_ 

_ merce Commission “4 This mileage gradually increased to 98,681 ‘miles in 1939. 


During the same period, the investment in the industry increased from 


- $365,000,000 to $829,646,000 whereas the operating 1 revenue increased from 

 $115,900,000 to $212,466,000. For 1939, the operating expenses "were 
$97,138 130, 000 and taxes were $31, 936, 000, leaving a ne net of $83,401,000. . (Fi ig. 4 

ns several hundred of the 20,000 surplus tank ¢ cars used in 1941 to allev iate 


of the Commerce Commission ‘under the 
Act of June 29, 1906, since which time the authority of the Commission has 


extent to’ which pipe- ‘ine companies compete with the. railroads and 


inland waterway carriers: is of considerable ‘interest. Data are not readily 


7 by y the Director of the Bureau of Statistics, aerial: Commerce Commission, 


Bee. ee and published in February, 1939, show that the railway revenue from. tren 
tion of cr and petroleum ‘Products decreased from 


fie about 3,000 miles of pipe lines in service, mostly 6 in. in diameter. These con-_ 
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$287,027,000 in 1928 to $187,977,000 in 1937, w Ww revenues 
creased from $206, 438, 000 i in 1928 to $240,362,000 i in 1987.00 

It is obvious that pipe- ye-line | competition has been : seriously felt by the rail- 

roads. In the past it has not been possible to compare Telative cost ¢ of pipe- -line 

_transportation with | railroad transportation. - It is the general opinion of 


transportation for oil tow ev er, r, it appears that, a as 
: _ with railroads, the cost of pipe-line operations is relatively low, because of the 
comparativ ely small number of employees required. On the other hand, the - 
pro lines are the only form of transportation other than wad railways that do— 


Fic. Transportation oF Orn Has Become a Masor Inpustry 


not now receive eva wes from the government. The pipe lines never 
AIR TRANSPORT 


Aviation with heavier- than- -air machines 4 was born on the sand dunes at 
Kitty Hawk, on December 17, 1903, when Wilbur and Orville Wright 
succeeded 1 in flying a machine equipped with planes and la small gasoline mo motor — _ 
for a distance of 260 yd. The W right Brothers continued their experiments, aoe 
and on October 5, 1905, at Dayton, 1, Ohio, they succeeded in making their 
heavier-than-air ‘machine, powered w ith a gasoline motor, fly a distance of 2 a 
miles, at a speed of 38 miles per hr. - During the next 10 years many experi- 

mente were conducted i in this field, and at the beginning of the first W orld | 
ar belligerent nations found a practical 1 use for flying. This period (1914 

1917) provided a powerful stimulus to all branches of flying, and great improve- 

ments were made in technical equipment. | Intensive development during this 

led to constant changes not only in the practice but in 


of flying, s« so that, when peace came, it was 
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for at the al 
not been fully digested, nor their lessons properly fort 
The. Aeronautics Branch of the U. 8. Department « of Commerce was estab- 
lished in 1926, and efforts were made to provide airw ways and aids to air — 
navigation, The first domestic contract air-mail routes w ere . established in 
year. Since 1926, ‘this industry | has taken best « of skill 


devices, and methods best, suited to its own efficiency and 


Today, less than four decades from the beginning, no industry i is more alive to 


the possibility of technical advance. 
The development and production of air planes have made possible | an 
advance in ‘the field of transportation, which probably has 
parallel in the history of any other common carrier. Tt was in 1929 that 
scheduled air transport pioneers first began to be ‘operative. each day 
small single -engine airplane took off from the Newark airport (which had been 
recently reclaimed from the New Jersey marshes) and made its w ay toward the 
Pacific Coast. Itc: carried an occasional passenger an and some mail. . Today the 
“national air map reveals a great network of air lines, r reaching from the Atlantic 
tot the Pacific, and from the Great Lakes to the Gulf of Mexico. These lines 
nor mally fly almost twice as many “miles a as do ~ combined « air ines - Greet 
Britain, France, Germany, 
passengers and more: mail, or ag surpass the air lines of any other nation 
in comfort, ‘speed, and safety. WwW ithin the same brief period of a little more 
than one decade, the pioneers of air commerce have linked the United States 
in scheduled air with ] Hongkong, China, a distance 0 of 8, 746 
miles Across the Pacific Ocean; ith Bermuda, 784 niles: from New York in in 
the. Atlantic Ocean; and with Central and South America, 7,318 miles from 
Miami, Fla., to Buenos Aires, Argentina. _§ ince July, 1939, the United States 
_ has established transatlantic scheduled air r transportation with Great Britain, 7 
-Treland, France, and Portugal, 8,437, miles. This ser service, howev ever, been 
“interrupted i in so tar as the belligerent nations : are concerned. © _A measure of 


the pre progress of aviation is afforded by reference to Table 5, which contains 
JNITED 


4 94,079 | 14,188,178 
nerease 159 5,411 


32, 700, 119,517,263 | 1,265,164,059 


1,119 


36,330 257,443 © 7,772,014 = 25,141,499 103,747,249 


vital statistical information. It shows the progress of civil aeronautics in _ 


the United States by calendar years, beginning with 1926. 


“Progress of Civil Aeronautics in the United States, U. Ss, Dept. of Commerce, Civil / 


“a 4 
4 
5 
> 
| 
Estimation, based on ton-mileage and tons handled in 1935. Data for T¥su. | 
— | 
— 
Ad 


Ts Table 6 shows the financial _— for all domestic air carriers for | the fiseal 


as Up-to- -date information is not readily available as to the private and public — 7 
ieoubeennih in the air transport industry. However, ‘the Bureau of Statistics, 


Interstate eee Commission, reports a total investment for airways : and 


Other than United States mail. $14,128,249 $30,650,695 
nited States mail. 8,814,296 16,669,197 


$22,942,545 319 9,892 
326, 581 


993,311 (P) 


radio beacons poe fields, and radio lighting facilities; (2) 


Ww weather services ‘provided by the U.S. W ther Bureau, U.S. Department of 
_ Agriculture; and (3) substantial air-mail contracts. “Tt has been > estimated | 


that the sum total of all public aids to this transport a agency on a cumulative 
to the present time is more than $400,000,000. 


The foregoing outlines briefly the history of the ‘agencies 


_ serving the people of the United States, and demonstrates that there is a large 


each. It has been -, 7 


impossible to obtain comparable ABLE 7 7.—INVESTMENT IN 


information on the subject because CITY TRANSPORTATION 

of the different methods that have IN THE Unirep States (1937) 

been us used by the various agencies" 


in accounting for ‘maintenance and Million| Per- 
‘inv estment. centa age 


railways, express, and sleep- 
vestment in inter city transpor eat 23,706 


fa Electric railways 
cilities as compiled by the Bureau 


of Statistics, Interstate Commerce Waterways and equipment 
~~ Pine lines 
Commission, as 1937, as Airways and aircraft............. 


$53, 215, 000, 000 as shows in Table 

This includes ‘steam 1 railways: 

(including express and sleeping car 

companies), electric rs railways, highwa ays and vehicles, waterwa ays and equip- 


ment, pipe lines, and airways and aircraft. 


4 “First Annual Report,’ Civil Aeronautics Authority, 1989.0 


6 Report of Bureau of Statistics, Interstate Commerce Commission, submitted to House Committee 
on Interstate and Foreign Commerce, January 24, 1939; hearings on H. R. Doc. No. 2531, Vol. 1, » PP. 24-25. 
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TABLE 6.—OperATING REVENUES AND EXPENSES, OF DOMESTIC 
ArR CARRIERS q 
2 
106 
« 
| 
5 | Prot (P) or Loss (L)..............| 3,022,417 (L) 
16 ZOVErOMeENt ads alrway C ers (L) AN Ce 
of air navigation facilities, including construction and maintenance of inter-— | iris 

— 
4.6 
24,232 | 45.5 
3,782 | 7.1. 
4 
| 

— 
— 
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Papers 
The volume of traffic, measured by revenue ton-miles and passenger-miles, 
randled by the var ious agencies is show n in Tables 8(a) and 8(b) for 1939 ; as 


compared with 1926. - The data in these tables were re compiled from the _— 
_ of the “Committee of f Six’’ appointed in in 1938 by the President of the United | 


a States to study the transportation situation, on, corrected to date 

“Study No. 3951, made by the Bureau of Statistics, Interstate Commerce 
_ Commission, oe the fluctuation in carload freight traffic compared \ with 
Production for 1928 to 1938 inclusive, shows that the ratio of the actual 


TABLE 8.— —CoMPARISON OF TRAFFIC AND Rev 


335,375. 61. 25.0D_ 
725 4 
46,000 4 9 
76,312. 


oe 


(2) 


| 


g 
} 


am railways. . 
| Electric railways. . fie 
| Intercity motor carriers......... 


We 


| 


— 


4 


Pipe lines. 


. 


Airways. 


= decrease and I = increase. » Intercity buses. ¢ Includes Pullin al express companies sethntal for 192 


railroad tons hi handled to the potential railroad tons declined progressiv ely 
with the exception. of 1934, when the was one point 
up, until only 18.7 7% of tl the potential tonnage was handled i in 1938, compared 
te revenue of commercial carriers for 1939 compared with 1926 i is shown. 

in Table 8(c). - From: these tables, it will be seen that the economic “cE 
a the steam railways has been deci ining, and that there has been a very 
_ substantial i increase in the business of the inland water, highway, and air 


The changes in the transportation ‘ ‘picture”’ are very ‘significant. — W hat 


have been the causes resulting i in the shift of passengers and freight from the 
railways to the highways, w aterways, and airw ays? ? In the broad sense, they 

are entirely economic. | _ Passengers and shippers use the: transportation agencies 

offering the most satisfactory service at the least direct expense to them. _ The ; 

- expense factor. being. equal, the service » factor will govern. ‘The real question 

before the people, therefore, will be to determine whether or not the free laws 

- of economics govern, and, if not, to what extent competing carriers ; should be 
controlled by public authority. | it will then be up to Congress to find a remedy 


— to correct the evils and protect fairly and equitably the interests of all con- 
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Taxes: BY TRANSPORTATION AGENCIES 
In 1939 the railways — 8. 9¢ of each dollar of rev rev enue for oe This is is 


hich axes, makes a total of of 33¢ per ‘ae 

ofrevenue. 
——— pipe lines reporting to the Interstate Commerce Commission for 1939 
iad similar expenses, aggregating 15¢ for taxes and 23¢ for owning and main- 


ENUE IN THE UNITED STATES, IN 1926 anv 1939 


Reve ENUE PassencER-MILES © Revenve or Commerctat CARRIERS 


hal) 
to 24¢, which sum, taxes, makes a 


Millions | % ‘Millions “Millions | Millions 
35,673 «| «(75.2 | 22,713 $6,701¢ | 83.0 | $4,140 | 6 38.2 D 
721¢ | 8.9 5 
| 213 | 3.5. 


7,434 
— 47,434 | 100.0 | 39,980 | 1000 | 15.7D | $8,070 | 100.0 


for 1926. 4 Comparable data for electric railways not available. 7 e Waterway — and motor carriers 


| taining their properties, making a total of 38¢ per dollar of revenue, which | 


compares with the 33¢ borne by the ‘railways. 


Other transport agencies have somewhat lower taxes in relation to their — 
_ revenue, due principally to the fact that they do not own and maintain 


_ right of ways or roadbed over which they eo and no taxes accrue against 

_ All w water carriers ‘Teporting to the Commeree ‘Commission for 


dollar of r revenue | in n taxes. 


“mission for 1939 show a ink: of 7.6¢ | per dollar ¢ revenue. The 
: paid by motor truck and bus lines include gasoline taxes and license fees, 
large | portion n of which, plus other tax funds, is used for constructing, maintain- 
ing, and protecting the highways over which the carriers operate. Theg govern- 
: ment « owns, maintains, and protects the w aterw ays and highwa ays for the 
- = of the users, eee of charge to them and at public pexpense, 
_ No portion of the taxes paid by the railways and the pipe lines is used by 
the government for constructing and ‘maintaining railways and pipe | lines. 
These taxes are used for the normal functions of government, including federal, 


state, county, and various municipalities. — Table 9 shows a ae of the 
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revenue received and taxes by carriers reporting, to the Interstate Com- 


REGULATION OF ‘TRANSPORTATION AGENCIES 


activity of government, in n creating and i improving facilities for transpor tation 
by water, highway, and air, are becoming more complex. _ The growth of these : 
various transportation agencies has been sketched briefly i in this paper. On 
inland waterways, improved and maintained at government expense, are wm ges : 


owned by the common- “carrier by 


TABLE 9.—REVENUE AND Tax 


Deserip ag Gro ‘ Group | > B 1 Mississippi 


River 


| Revenue | $3,995,004,000 | $212,466,000 $4,207 470,000 $568,481,000 | $110.551,000 | $679,032,000 Sil, 744,000 
2 |Taxes 355,678,000 | 31,936,000 | 387,614,000 43,298,000 | 2,931,000 46.229,000 | 289,000 
3 | Tax ratios 089 0.150 0.092 0.076 0.027 0.068 0. oa 


a Taxes i in re per dollar of revenue (item 2+item 1). >All groups | of w erates includes Atlantic and Gulf coasts, . 
: Great Lakes, Mississippi River and its tributaries, and Pacific Coast carriers; 


_ waterways, connected by canals constructed and operated by the government, 


are carriers whose operations are conducted under the fostering care of the 
"government. the public highways, built partly by gasoline taxes, are 


operated solely for the use and convenience of their ow i aimed 

airplane relies upon the landing facilities generally provided by public authority, 

and depends for its air oper: ations upon facilities generally provided and main- 


One in common is applicable to all of these agencies of trans-— 
portation—their capital is mobile. 7 If their operations prove unprofitable, 
_ they can Teadily be shifted to other scenes, or they can BO out of business. 


This does not apply to the railroads, with their permanent w: ways and s structures; 


does it apply to the > pipe lines. i 
es. Until recently the pr roblem has been further complicated by the i inconsis- 


tencies of government policies. There i is the related problem o of adjustments 


in the relationships of government to a variety of interests among the several — 
_ — of carriers, and the all-exclusive groups of taxpayers and of consumers rs 
_ whose welfare it is the duty of the government to conserve. 


in It has been said that are the of ~ national 


‘and in fact to the national | economy, and defense. 
problems might be stated thus: a) define the field i in 
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economy; (2) to determine how services of each form operating i in its proper 
sphere should be coor rdinated with the services of "the other; and (3) to define 
the extent to which government should | impose uniform regulations on all 
forms of transport, | and special regulations, peculiar | to its character, ', On any 
= form. An incidental question is whether government should. ‘undertake 
by regulation to confine each form of transport to its proper economic : sphere 
or, by per mitting unrestricted competition, allow each to find the field in which — 


it can survive. Each form of transport has occupied as much of the trans- - 


_ portation field as it could under the conditions existing today. Their services — 
are already coordinated to a considerable degree. Government, both federal 


and state, has imposed. regulations to a a very great extent, but not equally 
“upon the different forms of transport. 


_ The regulation of transportation has existed i in one form or another from 


the early time when w vays w ere constructed by the aids of collective effort. Ine 
the United States it was not until February 4 , 1887, that agreement could bee 
“reached i in Congress upon a measure that purported to “regulate commerce.’ 
In effect, this first act w vas little more than a | declaration of the intention t to. 
enter: the field of railroad regulation. it ‘created the Interstate Commerce 


Commission as an of enforcement. Since humble beginning, 


now are very and affect, varying 
“degrees, the regulation of all forms of transpor tation, except airways. It was 
known as the Interstate Commerce Act, and it has been amended many times. 3 
Without commenting upon the changes and amendments that have been made 

‘in connection with the legislation regulating ¢ commerce ce, perh: chaps 0 one of the met 
important i is the Transportation Act, approved | September 18, 1940. Certain 
provisions of this Act bear s specifically on the problems affecting : all transport 
agencies, | and are of vital importance to the national economy. Quoting: Title 

1, under the heading, “Nation: al Transportation Policy”: 


“lt 


“Tt is hereby declared to be the national transportation policy of the 
othe Congress to provide for fair and impartial regulation of all modes of trans- 
cae subject to the provisions of this Act, so administered as to 

recognize and preserve the inherent advantages of each; to promote safe, 

_ adequate, economical, and efficient service and foster sound economic 

— conditions in transportation and among the several carriers; to encourage - 

- the establishment and maintenance of reasonable charges for transporta- 

tion services, without unjust discriminations, undue preferences or ad- 


‘ee several States and the duly authorized officials thereof; and to en- 
. fair wages and equitable working conditions;—all to the end of 
- developing, coordinating, and preserving a national transportation system — 
el by water, highway, and | rail, as well as other means, adequate to meet the — 
= of the commerce of the United States, of the Postal Service, and of 
the national defense. All of the provisions of this Act shall be administered 
_ and enforced with a view to carrying out the above declaration of policy.’ ; 


- This i is the first time the Congress has recognized the necessity of dealing 
with the various transportation agencies collectively, instead of separately. 
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lation between the various agencies of transportation that are now ‘competing S 7 


for the same traffic throughout the United States. 
For the first t time in subject t to of the Act, 


omitted from the Act. The airw ays are kept separate from the others. This 
ae is a mistake because it is impossible to deal fairly with a single transportation - 


Another provision, , under Title III, Section 301, relates to the establish- 
ment of a Board of Investigation and Research to be composed of three 


persons, who shall be appointed by the President, for the pi purpose of inves- 


tigating and | reporting upon the following: 
: _“® The relative economy and fitness of carriers by railroad, motor 
carriers, and water carriers for transportation service, or any particular 
_ classes or descriptions thereof, with the view of determining the service 
” i for which each type of carrier is especially fitted or unfitted; the methods _ 
by which each type can and should be developed so that there may be 
“;4 provided a national transportation system adequate to meet the needs of 
the commerce of the United States, of the Postal Service, and of the 
nationaldefense; 
‘“(2) The extent to which right-of-way or other transportation facilities 
-and special services have been or are provided from public funds for the 7 


transportation. The writer: mentions this: airways 


use, within the territorial limits of the continental United States, of each 
of the three types of carriers without adequate compensation, direct or 
indirect, therefor, and the extent to which such carriers have been or are 
aided by donations of public property, payments from public funds in 
excess of adequate compensation for services rendered in return therefor, 
or extensions of Government credit; and 
— (3) The extent to which taxes are imposed upon such carriers by 
the United States, and the several States, and by other agencies of govern: 
ment, » including county, municipal, district, and local agencies. _ 


The national transportation policy and the provisions of the Act to make — 
such a study as outlined are definitely 1 related. The policy i is to be ‘so adminis- 


tered as to recognize ze and | preserve the inherent advantages of each.” WwW hat is” 
meant by “inherent : advantages” 2? W ould. not the words ‘ ‘relative usefulness” 


be more appropriate? The ability to serve all of the transportation needs of 
ie Nation in all seasons and under all conditions should be an important 
‘one 


Il community needs. It is hoped that in administering the 
will be > applic ied that these 


‘several carriers.’ 
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sr sound economic conditions in transportation and among the | 
— The terms “safe, adequate, economical, and efficient” 
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require no comment. - How ever, the meaning of “sound. economic conditions”’ 

may be \ vague when applied to the several transportation agencies. Is it the 

intent of the Congress that all agencies of commercial transportation should be a 
or does ‘ ‘sound economic conditions” ‘imply a 


ment aid to some forms of transportation? ? 


De It would appear that, under Title IIT, Section 301, of the Act, the Pr resident’ i 


~The national transportation 1 policy i is “to encourage the e establishment and 
‘maintenance of reasonable charges for transportation services, without. unjust — 
discriminations, undue preferences or advantages, or unfair or destructive com- > 
_ petitive practices.” If fair and impartial application is made of these | prin 


4 The declaration, “all to the end of developing, coordinating, and preserving is 

a national transportation system by water, highway, and rail, as well as other 

means, adequate to meet the needs ¢ of the commerce of the United States, of 

the Postal Service, , and of the national defense” is 0 of interest. It is the opinion 7 
of many | that there are too many transportation — 2 national trans- ~ 
portation burden is now at its height, for that reason. The three agencies” 
mentioned are more than adequate to meet the needs of commerce, @ and the 


hat about national defense? ? The railway ii is indispensable, as has testi- 
fied by competent. Army officers. If a additional facilities are necessary for this 7 _ 
_ purpose, a much greater capacity can be developed for the least expenditure, in 
facilities, as compared with waterway and highw ay expenditures. ‘The 
Army engineers in charge of waterway investments, from the beginning, have 
given little consideration, if any, to existing facilities, when contemplating the - 
extension of waterway facilities. economic justification rests. upon divert-_ 
ing traffic from existing facilities - the waterways. - Coordination cannot come 
out of such : a policy. No doubt the President’s Board will weigh way carefully 


all of the many conteoe ersial factors affecting this problem. 
TRANSPORTATION Costs 


Ee ‘This paper will not be complete w ithout a brief discussion of ssiianiiialiben aS 
costs as may be considered by the President’s Board of Investigation and 
Research. Among other things, it will be authorized to. ascertain, if possible, 
“The relative economy a and fitness of car riers by) railroad, motor “carriers, and 3 
water carriers for transportation service, or any particular classes or r descriptions 
thereof, with the view « of determining t the service for v Ww hich each type of carrier 
‘is especially y fitted or unfitted. ” One of the most important factors to be con-— 
sidered by the Board will be the actual cost of producing transportation by these 
ty pes of carriers. will be most difficult, if not impossible, to accomplish. 


Railway cost engineers and the Statistical Division of the Interstate i 
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“Commission had this before for ni y-ars, as it 
to the railroads, and in recent years to the highways, ana up o now (1941) the 
results haye been comforting. There may be ‘more thaa ‘one method o of 
approach to this problem. — The one t that t has b been so complex and difficult i “q 


it costs: to transport p and (el assified as as to 


paid the This method meets with very serious handicaps, because of 
_ the impossibility, of determining the costs as applied to individual persons s and 
ee kinds of proper ty. This would | be particularly tr true in connection with 
railway, waterway, highway, and airway transportation. and gasoline 
stitute the m major part of property transported i in pipe lines in a fluid form, which, 
a of course, simplifies the pr oblem of cost finding. _ With the railways, waterways, 
ne. highwa ays, and airways, all of w hich transport many classes of commodities, <a 
problem has not been solved. | It naturally follows that, if this method of 
‘j approach is used, it will be necessary to determine costs applicable to passenger, 
mail, , and express; costs of 1. c. 1. (less than carload-lots) packages « of all sizes _ 
c 4 and weights, and freight of all kinds moving in ¢: loads, for long hauls and for 
short hauls (all ‘mixed up in long trains and short trains, i in large or r small motor - 
vehic ehicles, steamboats and barge tows, , and air transports) and for v varying 
"operating conditions as may obtain throughout the United States. 
* All I transportation agencies are competing for business by means of a pricing 
system and service offering that have resulted in dividing the potential traffic 
among arious agencies. Records | are available of the revenues and ex- 
ns common carriers rs reporting to. public authority. eo The differential 
between the total revenues and total expenses ¢ of the carr iers is SO narrow that | 
the price paid by the shipper 1 might proper lyb be considered as the cost ¢ of trans- 


portation, 
The amount of g gover ‘ment aid, par ticularly i in connection with the highw: ay 


carriers, is not easy to ‘determine. A number of studies have already been made 
ee for the purpose of finding out if the commercial users — of the highways are 
ignways 
paying their full share. — ‘The highwa ay carriers claim that the various tax levies 
plus gasoline taxes more than compensate for the use of 1 the highways. 
"railroads | do not agree. — When the total of public aid contributions i is added to 
- the total amount of the « carriers’ expenses, or the total amount paid the carriers: 


a7. by the ‘shippers, it should not be difficult to determine the relative total economy — 


of the various types of transport agencies. 


WwW ith accurate data as to the amount of government aid affecting transporta- 
tion, it would then become a matter. of public policy as to whether or not such 


aid should be continued or w ithdrawn. all forms. of government aid w ere 
_, withdrawn from commercial transportation ¢ agencies, economic laws would | soon 
of point out: which form of transportation was the most economical and satis- 
/ factory to the users. The elimination of government aids, except for experi- 
mental, promotional, and defense purposes, would solve the problem now so 

- vitally affecting national transportation. Therefore, it seems logical that the — 


first thing the President’s Board should do is to develop, very carefully, the | 
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on of govers mer), aid now now reflected in the: cost of commercial transporta- 


in all of its i orm. Much has accomplished already in this respect. 
 — B. Eastman, w hen federal coordinator, evidently had in mind the 
importance of the question of subsidy, or government aid, to the various trans-_ 
portation agencies when he undertook to prepare the four large volumes of — 
3 “Public Aids to Transportation,” which were begun, through Research 
Commission in 1940. ‘contains ‘gr reat 
” ealth of valuable information, together w ith © comments and conclusions. 7? 
In ( October, 1940, J. J. ‘Pelley, President of the Associ lation of American 
—— Railroa oads, released a reply entitled “What Is Public Aid to Transportation?” 
or oduced and distributed by the Association of American Railroads), which i is 
an analysis of the data contained i in Mr. Eastman’ s report, and points to incon- n- 
sistencies that render the conclusions i incompar rable, confusing, and misleading. . 


Here are of two have ea bearing on the future 


for all who are to in il the information contained i in 
ned 
both of these reports. 
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LATERAL “STABILITY OF UN UNSYMMETRICAL 
I-BEAMS AND ) TRUSSES IN BENDING 


By GEORGE WINTER,’ Es¢ Esq. 
rein of the lt om 


cross ss section horizontally restrained along, the edge 
of horizontally restrained beams apply to sheet stiffeners in 


‘Iti explained that the torsional rigidity of trusses and “of thin-wall I- beams 


smaller w ould be expected from the use of the usual formulas for. tor- 
onal ‘stiffness. This i is due to the fact that horizontal bending of such ele- 


“The 


ments i is by distortion ¢ of ‘the cross section. ‘For this r it 


loads. such may ‘be obtained by the 


rigidity entirely. 


. The solutions | ‘of the problem of ro instability « of beams known in the 


literature do not cover the entire range of cases arising in practice. a few of 

The general case of an I-beam non-symmetrical hor izontal 


cross sections restrained 
pr the elon edge (this situation is realized for sheets stiffened by project-_ 
‘ing ribs and subject to bending i in such a way that the sheet is in tension) ; 


(3) The lateral stability of trusses and of I-beams made of thin sheet metal. 


ia These problems are analyzed herein for the case of pure bending and for 
pt 


*~ case of a simple beam with a _ concentrated load at the center of the am 


at any arbitrary level. 
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LATER AL STA 


tter sy ml ols in this paper are defined where they first. 


appear, yory are assembled for refere nce in , Appendix 


ETHOD 


The w ork-energy method is throughout this investigation. Th 

~ horizontal displacement of the beam due to lateral instability is resolved into 
., two. components (Fig. 1): A horizontal bending displacement y of the flexural | 

center, and a rotation axis the flexural 


The angle ¢ is an unknown function of the longitudinal ordinate x x (origin at. 
“one of the supports). 3 _ ‘The beam is assumed to be suppor ted in such a way that s 
rotation of the end sections about the longitudinal axis of the beam is pre- 
Consequently, the condition that must be satisfied by ¢ at the ends 
is: = Oatz =O and 


= Empirically it is known that, after loss of grenade 7 the horizontal “proseall 


of be estimated in a Fourier 
series with unknown instead of taking only t the first term of such 


inure. 


— = 

4 

— 

— 

— 

| 

— 

— | 
— 

| 

1s represented and the boundary conditions are satisfied tak mg 

which a =a coefficient modifying ¢ ong 

Eq. 1); and L = span length. 

— 

— | 

24 comparison that the error involved is — for all practical —— | 


1. 
| 


December, 194 L. ATER 


VALUES OF INTEGRALS FREQUENTLY ARISING IN THE ANALYSIS 


- To simplify the mathematical presentation, the solutions of definite in- 
_ tegrals whicl which will ll frequently appear in the following pages are given as follows: 


he = = the total effective depth ; I, are. 
‘the inertia moments of the total beam, the compression flange, and the tension 
flange with respect to the vertical axis of the web. _ In 1 computing I the: moment. 


of ' the web about its vertical axis is neglected. — ee 

its flexural center consists of three parts (Fig. 2 2): (a) The energy of bending of 

the compression flange corresponding to a horizontal deflection yt 1 $3 

-_ (b) the en ergy of bending of the tension flange corresponding to a horizontal 

_ deflection y — cz $; and (c) the torsional energy corresponding to a rotation of 

the entire beam the angle strain | is 


4 


_____ 2 “Formulas for Stress and Strain,” by R. J. Roark, McGraw-Hill Book Co., Ine., , New York, N. Y., a 


‘The s strain energy of the beam due to lateral bending and rotation about © 


— 
ASYMMETRICAL ABOUT THE HORIZONTAL Axis 
n which (see Fig. 2) c: and cz are the distances to the flexural center from the — — 
— 


STABILITY 

or, by substitution of ean and es from Eq. 3, were 


— Eq. 4 4, K = = the torsional constant for the given salina G= = the shear 


In Eq. 5, reduced constant, equals 


if Mi is s the vertical bending moment, | its al component on nthe: 
beam i in 1 the dis 


placed position is My and 


Substituting this expression fo de e appropriate for the 

ay The only external forces acting on the beam are the moments M applied at 7 
the e ends (F ig. 3). If the vertical angle of of 7 


of the beam, the work of 


- The magnitude of B is obtained by ‘determining half of the difference in 


ength of the chords of the horizontal curves formed by the axes of the top and 
in | the bent ‘state (A’L — i Fig. 3). Thus, 


all” 


> 


— and uw = Poisson’s ratio. 
— 
— 
| 
| 
— 
— 
A» 
sections due to the h 
— 
— 
— 
— 
— | 


“Since W = 28M 10) one one 
values for the integrals, 


The critical moment is from the work-energy 


| 
q 


is substituted par- 


. 


uat -, the result is ‘dentin, with Eq. 14b. In other words, 
2 tee « case of } pure pended , Eq. 1 happens to be the exact e expression for $(x). 


(6) Center _Load.— as 5 for the strain energy remains the same as in the 
Previous case. = Oand x 


in 
Brey the bottom flange. ™ Rian substitution of this expression the first integral 


(x) 
If the valu 


E 
4 


+ — 7 
verti displacement of the P, applied at an arbitrary distance 
7 the bottom flange, may be resolved into two components, Ay and Ax x 


— 

3“"Theory of Elastic 8. Timoshenko, McGraw- Hill Book Co., Inc., New York, N. 

Eq. 157,p. 258,00 
Eq. 159, p. 258. 


— 


dy aM(L. rz aif — 
obtains, by substitution of the appropriate 
4 (13) 
lution for this latter special case ; oe 

Professor Timoshenko’s value of 4 
4 

ntroduced, the strain energy in 
3 
> 
| 
= 


“LATERAL STABILITY | Papers 


4 The component A, (Fig. 2) represents the relative displacement of the point of 


load application with respect to the flexural center. It is easily seen g zeO- 
metrically that the amount this is 


Ai = (f — ¢2) (1 — cos ‘ 


in which is the angle at the center of f the span. cos ina. 
;. pow er ser ies in @ and, for a small value of , reta retaining only the first two terms: 


1= 


1€ second component As the relativ of the flexural 


axis of the the center. 


C ‘onsequently, the w vork of the force uo is Ww =P ris A: ») 0 
+2 + hh) 


The critical load i is ag again obtained by making W .= W, which yields — 


I, -f1) + 
2 2 
«Fo or the special case of the symmetrical I- beam (I) = I2 = Io) with es 


applied at the centroid this expression simplifies to 


thin 


i The ex exact solution for this pel case in — form is not known to el 


“expansion® which is with Eq. It can be shown easily that, in this 
Professor Timoshenko’s solution is identical with Eq. 226. . According 
to Professor Timoshenko, the error. involved in’ taking this 
expression amounts to » only 0. 5% in this special case. Without 
- further detailed one 3 it is s reasonable to state that, in the general case 


— 
ak. 
| 
= 
— 
— ly = 
Thus 
— 
= 
| 
— 
| 
"Theory of Elastie Stability,” by S. Timoshenko, McGraw-Hill Book Co., Ine., New York, N. Y.. 

— 


es of the same order of magnitude, and is therefore negligible for all practical 


RECTANGULAR RestRAINep ALONG THE TENSION Epon 
Imagine a simply supported rectangular beam restrained along its bottom 


(tension) edge in such ¢ that horizontal displacements are prevented, 
7 whereas vertical deflections remain entirely unaffected. 
“This one case is very nearly realized if, for some practical r rea- 
| son, horizontal bracing is applied only along the bottom 
q edge. Tt is granted that such an arrangement in practice 
will used only in exceptional cases. However, this 
problem i is not only of general interest, but. it leads to the 
analys sis of the more important question ‘stability of 
sheet stiffeners of I-section 1 and T-section, Ww hich will be 
4 


(a) Pure Bending. — —The horizontal displacement of the 
beam (Fig. 4) is into the 


de x 


sé 


em ‘the basis of the same considerations as applied before to L beams, 


‘angle of rotation 8 of the end section is 


Liz , 


w- 


forces acting on the beam. . In 
exerted by the restraint, w shich are of such “magnitude that they prevent 
horizontal displacement: of this. edge.  Howev ever, since the points. of application 
oof these forces ar are not subject to any displacement in th in the direction of the forces, f 


It should be noted that i in this case e the moments M 2 are ‘not the only sunt 


| 
im 

4 Flexural 

the same point. The general expression for the strain Af 

seen from Fig. 4 for small anglq | ob: he 

Substituting Eq. 24 in Eq. 23 yields qs , 7 ; aie ct 

the 

— 

— 

— 
4 
= 


“It is well empirically | and “analytically, that laterally unre- 


strained beams buckle i eina single half w wave. For this reason it was legitimate -_ 


to use Eq. 1 for an approximate representation of d for free beams. | However, 
in the case of beams restrained later ally along the bottom edge, it is possible 
that buckling may occur in | more than one half wave 7 Buckling of such multi- 
wave character is known to occur in thin plates, struts on elastic ‘supports, ete. = 
To investigate ‘this: possibility, one must assume the general expres- 
sion for $(x) that w ill satisfy the end conditions. Such a expression 


is the Fourier series 


=W , one 


the of “corresponds to = that a 
Taterally restrained beam buckles in a single half ws in addition, in the ‘par- 

ticular of pure | bending, ‘lis: seen be the | exact expression for the 


> 


h 
for a c= 


) 


| 


— they dono work. For this reason, Eq. 27 g P 

— 
a 
— 
— 

a 

— o= a sin 

n= 12, 

— 

— 

bstituting these values in qs 

— 
— 

— 
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acon (0) Center Load. —The ex expression for the strain « energy is the same as in the 


"previous case (Eq. 


os ‘The vertical displacement of the load P is obtained | by the same reasonin 
as in the case of I-beams. Thus (see ee Eq. 19) 


= W, the bienien: expression for the. critical load i is obtained: 


* 
(858), 


2f+05L 


may ree that both. Eq 32a and Eq. 35a also to cross sections 


other than rec tangles, pr ovided that the nature of the section is such that its 


total resistance to torsion is proportional to K only. his is generally true— 


cross sections that do not have transv versely projecting (anges, ete. 


T-Beams Horizontatty RestraInep ALONG Trston FLANGE 
‘This ¢ case is is realized for sheets or plates stiffened by projecting ribs of —_ 
I-beam or T- beam shape and subject to bending « of such nature that the sheet or . 
plate i is in. tension. The sheet i is then to be regarded as an integral part of the . 


- stiffener—that i is, it is to be included i in the determination of the moment ¢ of 
inertia I. of the tension flange. 3 Whether or not it is also to be included in the 
determination of the torsional constant K depends upon the type of joint 
between § stiffener and sheet. For joints s acting rather in a hinge- like ‘manner 
(that is, allowing rotation of the stiffeners with respect to the sheet), K should 


be taken for the The same is true for thin sheets: (as 


| ix 
| 

— 
From W, : 
— 
— 
| 
— 
— 
t 
— 

_ 18 kely to bend shghtly out of its plane in the immediate vicinity of the Jont = ea 
rather than to twist monolithically with the stiffener. ek? 
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(a) Pure Bending. —Iti is seen ein Fi ig. 5 that, in this case, te small angles , 


Substituting Eq. 36 in Eq. 5 5 and that 


the strain introducing the correspondi ing 
“values: for the integrals) becomes 


Again, making» W follows that the critical 1 moment 


+8) 


Eq. 40 is seen to be_ independent | of I2, because the tension flange is not 
~ subject to any horizontal displacement and the position | of the exter nal forces 


(that is, ‘M) is in no w ay connected with the ‘position of the flexural center. 
= For this reason Eq. 40 applies | to symmetrical as well as to unsymmetrical 


— (b) Center Load.—Kq. 38 for the strain energy remains the same as in the | : 
case Tho verted. displacement of 1 the load, , with ¢, becomes 


the w of the ex extern: nal force P 


wy 


1860 
J 
— = 
j 
— q 
— 
— 4 
— 
— 
4 
— 
— 
— 
— | 
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RUSSES- L ‘BEAMS: WITH TuIn Ww 


These require ‘special for the following re reason: In. 
general the critical load depends upon the e horizontal flexural rigidity and upon 
the torsional rigidity of the beam: For ordinary beams with thick webs the 
torsional constant may be determined -well- known formulas.’ These 
constants have been derived on the assumption that the shape of the cross _ 
section does not change during torsion, or, in other words, that all component a 

parts o of the cross section are rotated through the same angle. _ This is not the _ 
case for latticed trusses, however Fig. 6(a)), ‘and for with thin 
webs (see ‘Fig. 6(b)) . Insuch elements the lateral rigidity of the web, in many 


cases, is so > slight that it bends out: of its s plane \ when the b beam becomes un- 


stable. Fr For r this reason 1 the angle of rotation ay of the chords or flanges i is seen 
to be less than the angle of rotation a2 0 of the line AB in Fig. 6(c). — Conse- 
quently the actual t¢ torsional ‘Tigidity of such elements will be less than that, ob- 
tained from a formal application of the usual formulas for the torsional con- 


stant K. |The determination of the actual torsional resistance of such members — 


7 be found that the contribution to the critical load of the lateral flexural rigidity -_ 
ETI is usually far i in excess of the contribution of the torsional rigidity G K to the | 
‘critical load. - Since the actual torsional constant K for beams of this type 

_ usually is considerably less than K’ derived by formula, it seems advisable to 

7 determine the critical load of such beams by disregarding K « entirely (that is, 

- by ass assuming K = 0). The value thus obtained will be on the conservative 
side. le. On the other hand, if the effect of distorting t the cross section were dis-_ 
regarded (that i is, if K’, determined by formula, were used instead of the un-— 
known actu al K), the computed critical loads would be. decidedly in excess 
of the actual | loads. Iti is believed, _ therefore, that the first of these procedures — 
(that i is, assun assuming K = : 0 for beams of as type) i is by. far | preferable i in current 


design 


LATERAL STABILITY _ 
‘4 
— 
— 
— 
| beyond the scope of this — 
] ! _ However, for beams of this type, if K’ is computed on the basis of the usual 4 By 
— 
rormulas Stress and Strain,” Dy it. J. Roark, McGraw-Hill Book Co., inc., New York, N. Y., 


ONCLUSION : 
In order to facilitate the use of the results of this investigation for beams — 
with very small torsional constants, the formulas presented in this — are 


assembled for reference i in Appendix Il. 


No 


‘The following letter use in this” paper, 


nttlly: to Standard Letter Symbols for Structural Analysis, prepared by a 
Committee of the American Standards Association wit with h Society representation 
and approved by the. Association in 1941.8 


= amplitude of angular deformation: an = =an undetermined 


C= - reduced torsional constant for a given section (see Eq. 7); 
= vertical distance of the flexural c center of a rectangular beam — 


bottom (tension edge) (see Fig. 1): 
distance from the center of the e compression flange; 


oi es = distance from the center of the tension flange (Fig. 2); 
 f = vertical distance from the am flange to the point of application — 
effective height of section, between centers of flanges (ex + 
[= total moment of inertia (J; + I2) of a cross section with respect to 
cis the vertical axis of symmetry, particularly for I-beams (the mo- 
y y,P 
-_ of inertia of the web about its vertical axis is ignored) : _ 


ie inertia moment of the compression flange about the same 


arr iis inertia moment of the tension flange about the same axis; 
~ tel constant for a given cross section: K’ = a simanien con- 


stant as compared with (K) an actual constant; Bi. 


A’ = longitudinal displacement of of (tension) flange, 


flange, at the support; 


= vertical bending moment: 


lateral component of M; 


1862, __. LATERAL STABILITY L 
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a= angle of rotation 
a = rotation of the chords or flanges of an I- beam ;_ 
rotation of the web (Fig. 6); 


load P, with respect to the flexural center; 
A: = telative displacement of the flexural center with h respect 
to the support, , caused by the horizontal curvature of 
—< of the beams through the the 


A= = relative ran of the oa of application of the 


tot tal angular deformation ie. be = = angle at ‘the « 


The in some detail in the paper are Eqs. 14, 
: 22, 32, 35, 40, and 43. For beams with very small torsional rigidity, i in par- 
: ticular for open web trusses and thin wall beams, samen in n this case K : = = 0, 
one obtains the following simplified e: expressions— ee _ 
‘Unsymmetrical I- beams, pure bending, unrestrained: 


Symmetrical I-beam, pure | bending, unrestrained: 


Unsymmetrical I- beam, center load, unrestrained : 


Symmetrical I- -beam, center load, f= == 
FE 


0 oe 


— 

| December, — 

— 

OA = tota J 

| — 

— 

im 

— 

= 


_ Symmetrical I- -beam, pure bending, restraine ed: 


restrained 


Symmetrical I- beam, center load, f= = aT 


The formal for the use these f formulas ar are: For 44 and 


for Eq. 45a, and for Eqs. 46 and 47, 


L ye denotes ‘ “much less than”). 


= As stated previously, in oo of this type, the actual value of K is generally Lal 
unknown and it is only. evident that K < ‘For this reason these e formal 


requirements should be used with ¢ critical care as ; guides rather than as rig- 


— 
Unsymmetrical I-beam, center loa 

| 

] 
— 
— 

— 
a 

— 

| 
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INEERS- 


FUNDAMENTAL ASPECTS OF THE. 


_PROBLEM 


~ B. JACOBS, FLAG, NELSON LEE SMITH 


in this Sy mposium show, as is realized by all students of the problem, that a 
precise definition for the term ‘ ‘depreciation’ is the first requisite for a study of 
the subject. Mr. Walls makes this clear in his paper and suggests an approach. - 
There is a great m mass of literature on the subject, most of which has been written 
by authors with a limited class of problems i in mind. — After studying much of _ 
this. material the reader. cannot “see the forest for the trees. 
Depreciation i is a physical be~aee-tcaprage fact which, in most ¢ cases, must 
Bos. be measured in dollars. . In order to determine the number of dollars it 
a generally first necessary to find the percentage of value that remains. s. The : 
dollars are merely markers. _ The use of the term “depreciation” in 1 accounting — 
7 is one of the causes of the difficulty i in defining the term correctly. if instead of 
“depreciation” the account were called ‘ ‘amortized cost,”’ as 
Grant, one of the difficulties w be removed. 
“Depreciation” charges in accounting are generally based on the “straight 
line” or ‘ ‘age- life”’ theory. The w Ww riter agrees with Mr. Walls that this —— 
eo not show the facts correctly. Perhaps, among the reasons for its popu- 
Ea is that it is ; simple and arithmetical and that it can be readily denies 
by the courts and commissions. It is probably necessary to use this method for 
a “accounting because of the difficulty and expense in finding the actual deprecia- 
=e tion on all units of a large property at short enough intervals of time to make «i a 
‘ useful i in accounts. | if the account w ere not i called “‘depreciation’ ’ this necessity 


Nore.—This Symposium was published in November, 1941, , Proceedings. Discussion on Sym- 
posium has appeared in Proceedings, as follows: November, 1941, by Messrs. Edwin ™ Wendt and 7. 

17 Cons. Engr. ., Winter Park, Fla. 
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inaccuracy in this may be illustrated readily. 
Interstate Commerce rules specified a 50-yr life for frame buildings. — The 
writer happens to know of two frame houses in . good condition which have been 
“ oceupied for more { than 250 years. A stationary | engine or machine i is said to 
have a life of 25. years. The writer remembers ‘an engine used for driving 
nd machinery in a roundhouse that operated | for more than 70 years. 4 - Other 
instances can be found easily where the actual useful life was less than the 


When the accounting concept is depreciation 

becomes a loss in value caused by age and wear, changes in the demand on the 
unit, and obsolescence. The determination of the value of each of these 
, fachoes and their combination into a percentage w hich represents the loss in the 
value of the unit is a matter er for trained engineering judgment aided by all 


y pertinent records available. 


ite pe _ There has been much discussion, and “many books and articles have been 
written n about how to . depreciate p property. when the results are to be used for 
one of many possible purposes. T The general tenor of much of this writing is 
that the sum used for estimating ¢ whether it is economical to replace a unit 4 
atedy different from that to be reported to a commission as depreciation in 
arate case. This does not seem to the writer to be good engineering thought | 
although it may appear to be good legal strategy. — A. decision of the U. 8. 

_ Supreme Court on April 30, 1934, 18 defined depreciation . as follows: - 


“Broadly ‘speaking, is the loss, not restored by 


: maintenance, which is due to the factors causing ultimate retirement of 
: the property. These factors embrace wear and tear, decay, inadequacy, 


This would seem to = a proper definition. — _ Why y should not the engineering 
viiiliaaion adopt such a definition, cease to refer to the “straight- line” account- 
ing method as depreciation, use the term “amortized cost’ for accounting 
"purposes, and eliminate the idea that the amount of depreciation | varies w ith 
purpose for which the data to bet used? 
wh With this done the Joint Committee on Depreciation (under whose au auspices 
“the Symposium i is presented) could collect, analyze, and publish a great amount 
of data that would aid the « engineer in his ndeeeend when establishing dey deprecia- 


tion percentages in any case under conside ration. 


GEORGE ‘Gourawarre, 19 Esa. unwillingness of public utility. 

representatives to face the deyretiation problem i is reflected in the paper by 


Mr. ‘Walls. This unwillingness understandable in view of past but 


‘it has now become extremely to public utility interests. 


lls had been imposed, ‘most utility | owners : and many railroads were in the 


position of possessing monopoly franchises under which profits could be realized 
aS. far i in excess of the present conception of a fair return. Such franchises were 


Lindheimer e¢ al. vs. Illinois Bell Telephone Co., 292 bad 151 (1934), p. 167. 
196 Received by the Secretary November 18, 1941. 
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of — and value, ton Ww hich the proper-_ 
tes were merely attachments, so to ‘speak, which could be readily : maintained 
or replaced without any particular care as to amortization procedure; or in 
fact without any amortization _ whatever. The owners did not consider it 
- necensary to face any depreciation problem, and when conditions changed they 
_ were naturally reluctant to admit that such a problem existed. Even after 
the introduction of regulation, the long period of rapid business growth and the 


era of court- supported reproduction-cost valuations combined to make possible 
- further postponement t to a realization of the problem. yy This past history has . 
— eolored the views of nearly all utility managements, and has inhibited their 
representatives from f1 frank statements regarding depreciation, 
A capital charge e with regard to any item o of perishable or depreciable 


‘Property is a deferred operating expense. WwW hen company has 


honest statement earnings” for subsequent year without including in 


pense. isa due proportion of the cost of the capital asset, it must be 
r on an estimate of life. Iti is perfectly. futile to’ argue that a a reliable estimate of 

life cannot be made; an estimate is nevertheless absolutely necessary, | because 
otherwise the earning , statement is - misleading if it is not actually fraudulent. 


Asa , corollary to the foregoing, the value of a depreciable asset cannot be 
it ou er than the amount fairly chargeable against operating expenses within its 
of remaining life. his conclusion also follows from the general premise that the 
y, value | of a depreciable capital asset resides solely in its capacity | for giving service 
in the future. WwW ithout postulating s such capacity, there would be no excuse 


> 


for charging it to capital account. | ‘Unless the service capacity is assumed | to 
pore very far into the future with no impairment of efficiency, its value must 
be largely dependent on the remaining length of life. 
“ ‘The management that bought and installed a piece of electric generating i> 
machinery in 1925 had it charged to the capital account in the well founded 
ho hope o} or expectation that it would be useful for a considerable period | of future 
years. None of the officials expected it to last forever; they all knew it would 
have to be  Tetired within a very limited period of years for some reason or > 
athe, and so ) they. should have faced, immediately, , the accounting problem of _ 


; distributing its cost as equitably as possible among the consumers benefited is 


- 7 


1g 


™ 


and within the period v when it would be useful to them. What excuse did they 


The answer is that they felt relieved from any € economic necessity for show- _ 
ing costs because they depended on | their monopoly power, supported by the 
_ Vague phrasing of the court-miade law, to enable them to reimburse themselves 
their r unamortized investment the asset had idisappeared. rom 
‘They. object to the word depreciation because it carries unpleasant implica- 2 
_ tions as as to loss i ‘in value. _ Suppose, however, that it is merely called amoritiza-— 
tion, and a plan i is devised which seems financially sound. If (as the writer 
has tried to show) the limit to the value of a piece of machinery i is the amount 
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ox DEPRECIATION P Discussion: 


a iain can ie e recovered from its output to cover amortization charges during its” 
remaining life, in addition to all other operating expenses and return or profit, | 
then the unamortized cost is inherently ¢ an estimate of remaining value. Hence, | 
an intelligently planned ‘amortization | program is inherently ‘a depreciation 
program, and accrued depreciati on is best measured by the balance i in a 
properly accrued reserve, subject only to substantial alterations in life expect- 
ancy taking place since the program was initiated. _ Additional value can be 


realized only through ‘power | of the when 


Professor Grant’s excellent paper displays the realistic approach to the 
depreciation eee: that is is to be expected 1 from representatives of competitive 


& 


out the water’ accumulated by past neglect of financial “leaks.” His attack 
on the spurious plausibility of sinking- fund accounting is pony by’ The practical 
effect of  sinking- fund accounting is to postpone amortization, which is 


reason f for its populari ity in n certain circles; but any thing that postpones amortiza- : 


problem 


with the depreciation | ‘confusion has resulted 
- from assumptions that a utility plant i is maintained in practically 100% condi- 
tion by periodical replacements of ‘parts they become worn or obsolete, 


from that the false conclusion i is reached that the outstanding purpose 0 of de- 
_ preciation accounting is to build up a fund whereby replacement may ; be made. 
iam the depreciation problem | exists with regard to any perishable A 
of property whether or not it is replaced, and to the same degree. Once a 
charge has been made the investment account for the acquisition of 
perishable plant item, ‘it is economically necessary to 9 arrange | for writing off 
that investment before the item is retired, and the theoretically correct use of 
a the ) money is not merely to replace it (because it may 1 never | be replaced), bt but 
aa to retire the debt or other. obligation incurred in connection with its s purchase. 7 
Iti is best, 1 for clear thought « on the subject, toa avoid as far as possible the con- 
ception that the plant item will be replaced by another at the end of its useful _ 
life. Actually the replacements are usually indirect. . new power plant is 
built to take care of additional load; the use of the old is gradually reduced until 
it becomes only a standby; and Gnally it is retired and dismantled. J There has - 
necessarily been 2 a direct replacement at any” time, but the indirect 


_ examples c could be cited in which it is difficult even to find an indirect a 


ment, such as the. discontinuance of ser service in a certain area due to the e removal 4 
of industry 0 or shift i in population. - Inar any case, it is economically necessary to 


*J ‘amortize the investment during the service life, regardless of how « - — 


Data available for the statistical study of the service life of a ie property. 
p often of such nature as to justify skepticism | as to the results. — Nevertheless, 
numerous statistical studies have been made on on a strictly dollar basis, wholly — 


_ without reference to the physical items # (which » some may say are q) quite heteroge- 
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in widely different It is say that the 
results should be examined with caution, and should not be used unless they 
‘seem plausible by other tests. At the : very least, however, they r represent, in 
certain property groups, the best methods now available for statistical study 


of property life under existing and past conditions. _ They are certainly better — 
rt guides to estimates of life expectancy than pure judgment devoid of statistical — 


The paper by Messrs. Crum and Winfrey has so little bearing on the problem — 
of public utility accounting that the writer does not believe it is pertinent to 


-make comment from the regulatory standpoint. ;. If he understands | correctly, 7 
these authors in effect that a ‘system of accounting W which i is sound 


ating of many of its projects; although there is no direct financial 


Naruan B. Jacoss,?° M. Am. Soc. _C. E. —Although depreciation is an 


element that an engineer ‘must consider in the design of any public improvement, 
it does not necessarily follow that the elements of the depreciation assumption 
w which he uses in 1 selecting a given project are the same as an accountant would 
consider in setting up ‘up annual or accrued depreciation on the books and records ~ 
of the public : authority; nor is 3 either of these to to be e confused with th the deprecia- 
tion that would be fixed by an appraisal engineer in setting up the deduction © 
which should be made for accrued depreciation i in determining present » value. — 
In selecting a given project from a group of alternates the engineer r computes 
the» probable annual cost, to determine which is the most desirable and eco- 
_ nomical. In doing this he will use his judgment as to the probable length of — 
‘service which the project will undergo. a If this is a new project the engineer | 
will b be e guided solely b by his s judgment, i in comparing one project wi with the others. 
“His judgment, of course, will be tempered by his past experience, but it is his 
_ estimate of the the future. In accounting for ¢ depreciation : annually the comp- a 
troller will have available and can use the past experience w with the particular 
unit or project, and will continually have the advantage o of actual pcs 
Bex: 
to determine how much of the life of the u unit, o or how much of its value, has gone. a 
an As stated by the authors, the setting up of depreciation in public work 
accounting and finance is the exception rather than the rule. Int fact, clear 
and careful distinction between capital expenditures | and operating or main- 
Some : years : ago o officials of the City of Pittsburgh, Pa., desired | to exempt, 
fi the limits indebtedness, , bonds which were e issued for 
ow vorks purposes on the grounds that “the net revenue derived from said prop-- 
= way is shall have been sufficient to pay interest and sinking fund charges.” 


At that time municipal water-works utilities in the Commonwealth of } Penneyl- 


20 Pres, , Morris Knowles, Inc., Pittsburgh, Pa. 
Received by the Secretary November 18, 1941. pe 
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--~preciation as an city controller called the 
ap: : the referee — by the court to the fact that if depreciation | were set a 


a depreciation reserve be 


- eet ‘up in some form or other to 4 the water plant in a functioning | 
condition and the inclusion of a proper amount for this purpose is a 
proper item of operating expense. It is also clear that it would not be 
proper to compel the City in operating a public utility to charge as an 
item of operating expense both a depreciation reserve and the amount re- _ 
- quired to meet interest and sinking-fund charges on debt incurred for — 


plant construction. It is immaterial, however, as to the form that a 7 


depreciation reserve takes, so long as it is in fact taken care of, and so 
_ that the public utility will be continued as a functioning plant * dial 
since the principal payments for water debt reduction exceeded the require- 

i ments for a depreciation reserve * * * no further charge need be made as 
an operating expense in determining the net revenue of the City from the 

of its water plant * * * 
wiry Although the finding by the referee may be sound practice in public works 
financing, and the : setting up of a reserve in public works, either by the retire- 
_ ment of bonds or by the creation of a sinking- fund, is equivalent to taking 
‘ depreciation, it is not in accordance with 2 a sound accounting system for a 
ed public authority to neglect to charge depreciation, since generally there is no 
relation whatever between the rates of depreciation aad those for bond retire- 
ment. ‘ The annual debt ‘service for t the retirement of | bonds or for a sinking- 
fund as provided by a a municipal « or public authority i in n administering its public — 
works will be greater than the amount which an accountant or engineer would 
as representing the annual ‘eduction i in value w rhich i is taking place. — a 
— private business it v was alway ays considered to be § good policy to “get out 
“a debt”’ as soon as possible. . iT This is probably more important i in public works, 
w here it is not unusual for an any given project to be bonded for 100% of its cost, 
2 that it As highly desirable ‘to create an equity for the owner as rapidly : as 

possible. - Following this | principle, advocates of governmental economy are 

~ recommending pay-as-you-go practice in an attempt to get: municipalities and 

~ others on to a basis where debt will be continually reduced and the item in the 

“a = for debt service can be ultimately eliminated. —Inm many cities today the 
service for interest and retirement or ‘sinking-fund bonds over a period of 
i es years has been in excess of the amount spent -each year on new improve- 
ments 1 The advocates of this pay-as-you-go ‘principle, therefore, are recom- 


bed “mending a a return to a receipts and expenditures basis, thus eliminating the need 
for depreciation i in municipal accounting. 
Although these considerations indicate that it is not necessary for 
dey depreciation actually to be set up on the books for accounting purposes in 
~ public works, , nevertheless, depreciation must be taken into consideration by | 


iad = in recommending public | works, and if a capital account or capital 
Hoffman vs. ‘Kline etal. Pa. 485. — 
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budget is ae by the public authority, depreciation : should be taken into con- 
sideration. The use of debt service in lieu of depreciation is dangerous and | 
open to considerable error. In the first place, long-term bonds are often issued 

in payment of the construction of short-life property, so that the debt service — 
Ww ill continue far beyond the physical service of the wo orks constructed. ‘The 
usual example i is the issuance of 30-yr bonds to pay pay for short-life street p paving 
and re- paving. In public works accounting there i is often’ not a a clear distinc- 
tion between maintenance and replacement. Sometimes bonds are issued for 
contemplated construction which may not have been done. Recently i in one 
large city 20-yr bonds, issued for subw ay construction, which subway was never 
built, were refunded and extended for another period of years. Depreciation 
should be included i in public works accounting and anita 80 that at proper state- 


ments of assets and liabilities can be compiled. 


years the writer Boe had 


| ON DEPRECIATION PROBLEMS 


mittee is s composed of men trained and | experienced i in one or more » of the fields 

of economics, accountancy, engineering, and management. The function of, 

the Committee has been, and i is, to study the various aspects of depreciation. 

A report is in preparation w hich will present the results of the Committee’s Ss 

labors. — The contacts not only with the members of this Committee but with 


_ other students of the subject have disclosed such a variety of opinions that the | 
writer is reminded of the allegorical poem by John Godfrey Saxe entitled, 


“Blind Men and the Elephant.’”’ The poem is too long to quote i in full, but its" 


ones may be expressed by abbrev iating all verses except the first and the last: 
“Tt was six men of Indostan to learning much inclined | we 
Who went to see the elephant, though ¢ all of them were ere blind, — 
That each by observation might satisfy his mind. 
The first (side) ‘is very like a wall’; = ty F 
The second (tusk) ‘is very like a a aie 
The third (trunk) ‘ is very like a a snake’; 
‘The fourth (knee) ‘ is very like a tree’ a ‘uo 
fifth (ear) ‘is mighty like a fan’; 
The sixth (tail) ‘fs very like a rope 
And so these men of Indostan disputed loud and long, 


Each i in his his own vn opinion exceeding stiff and strong, te 


oa hough eac each was was partly in the right a1 and all were in the wrong.’ 
i The writer does not intend to suggest that those in the various fields o of | 


_ professional endeavor who are studying depreciation are | are either blind or all — 


wrong. The obvious. point of the poem is that the nature of the contact an 


individual has with any st subject i is certain to influence his views and conelu- 


sions. There i is a real need for the enlightenment that will flow from an ex- ar) 


of views such as this affords. = 
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Discussions 
‘Mr. Walls hee as referred to the problem | of estimating remaining life of 
: property and has pointed out the forces that both cause depreciation and con- 


trol remaining life. He correctly states that, 
_ “AN estimates of future life involve uncertainties and are are assumptions, 


3 the farther these estimates are extended into the future, the less 


reliable they become.” 


Most engineers w ill readily admit the practical impossibility, in m most in- 


"stances, , of forecasting with certainty the remaining life of machines or facilities. 


‘corrosion, abrasion, or erosion, there is considerable data available w hich 
may | enable a qualified person t to make a reasonable forecast of remaining life — 
ina given 1 situation. — The main difficulty 2 arises ; with re respect to those items of 

plant which are greatly affected by forces whose incidence is unpredictable. 

, It is true that statistical and actuarial methods are in use which undertake to 4 


Project past experience as as a guide in into the future. — This i is done regardless 0 of : 


dictable future events on the retirement of property. These appear 
to give answers which satisfy the estimators, but it may be questioned whether 
the apparent refinement of the process is worth the cost and effort of the special 

pa of the p projects ; of the NARUC Committee on ee: is to a ac 


classified in three groups, “Physical causes’ such as wear | 
tear, action of the elements, etc., “functional causes” such : as inadequacy and 
obsolescence, and ‘other causes” ‘such as orders of public authorities, civic 
improvements, ete. 

my It is probably true that different ¢ companies will apply the classification 

differently, although a serious effort has" been ‘made to maintain uniformity. 

: Nevertheless it is believed that the diversity of the returns is such that s any 

‘in the application of the classification are reasonably well 


_ Twenty-nine companies for which returns are available retired an aggregate. 


of slightly more than $349,261,000 of plant in the most recent 10-yr period. 
These companies more than $3, 300, 000,000 in fal retired 


causes. | With functional causes having: such a dominant influence in the retire- ; 
ment process th the difficulty of of making dependable estimates of future lives is 
i bt ne) The present-day concepts of depreciation of public utilities appear to have 


had a slow evolution from the early ‘days when depreciation \ was not even recog- 
nized as a factor in rate making. present concentration interest | in 
: 4 the subject dates back only to 1934 or 1935. Much progress has been made in 


oF _a relatively short period, but i in view of the intensified attention to the subject, 7 


= 2% was due to functional causes, and rane 9. 1% w was due to other 
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Dente, 1941 ON DEPRECIATION PRO 
even greater progress can be exp expected i in the future. ‘Iti is to be hoped that the 
_ time is not far distant when a common basis will be found on which accountants, 
economists, and engineers can reconcile their presently divergent views. Re- 
-_gardless of what may be accomplished in this direction, it will always be true, 
as Mr. Walls: states, that the treatment of depreciation cannot be reduced 
“to a simple a arithmetical process | that will eliminate, o or even ret reduce, the quality. 
_ or amount of sound judgment required in the treatment of the problem.” 
NELSON ‘Lee Esa. 24e__Referring to the view w of Professor Grant, 
the writer wishes to re- -emphasize th that much of the confusion that has existed, 
‘and ‘still persists, regarding: the much-discussed | subject of depreciation i in 
relation both to competitive industry and to the public utility field is due to a 
failure to differentiate sharply between different concepts and to keep clearly 7 


in mind the setting of the problem, the purposes of the study, and the uses to 


ie Walls has re recognized ‘specifically the ne necessity y of this realistic type of © 
and, t therefore, he doubtless | wo ofr agree that, in considering de- 


control in The Mr. Walls ‘emphasizes suggests that 
is concerned chiefly with depreciation in rate-making and 


the view ewpoint of the regulatory | commission it is wale important that the 

current charges" or accruals for depreciation be determined properly, for 
en directly into the costs, which must be reflected in the rates for service. 

a these determinations—the rate base and the 


“renewed interest in and more attention “upon this problem 
emphasizing the proposition that. consistency requ requires s the use of the same basic 


‘definition mast the actualities of but they 
on to argue that what are alleged to be the facts and realities of depreciation for ZZ 
one step of rate- -making must be accepted as having equal validity for other 


estimating future service life. He contrasts the reliability of estimates of the 


extent to which causes of ‘retirement h have already acted with the pen al 
of their operation in the | future. At first glance, the difficulty real 
‘difficulty—of predicting the future will seem to support his position; yet, the - 


 distinetion cannot be accepted when dealing with depreciation for regulatory 
Chairman, New Hampshire Public Servi ice Commission, Concord, N. 
. _ Received by the Secretary November 26, 1941. 
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DEPRECIATION» 
purposes, because this process requires the measurement and penn of 
It may be feasible, through the use of ousineeting | techniques, to determine 
the e xtent to which physical deterioration has occurred. At the same time, 
however, forces of obsolescence may be i in operation. Although it may be that. 
the ultimate impact and effect of such factors on service life cannot be foretold _ 
exactly, the fact that they are acting is currently and necessarily affecting th the 
total service life, and this is just. as important in in its relation to the present 
depreciation of the property as is its mere > physical condition. 
Of course, this is simply another way of stating that the result can be 
no more accurate than any one of the factors upon which it depends : and, hence, 
5 that no greater reliance can be placed on the estimate of the depreciation that 
has occurred in the past than on the prediction of remaining life in the future. 7 
_ From his paper, the writer cannot be sure just how much significance i is 
attached by Mr. Walls to the distinction w which he seeks to make in this co con- 
‘nection. Presumably he does not mean to suggest that data and “methods: 
should be used in establishing | a basis ; for the current depreciation « charges _ 
= are ‘different from quer peepee in determining the depreciation already — 
suffered. In such event and for the » reasons already suggested, the writer 
« ise certain ‘that commissions would be likely to’ to! hold that the estimates must be 
consistent with each other and that greater weight cannot be g given ven to one 


to the other. Perhaps Mr. WwW alls intends, by his emphasis upon this 


should a be treated in a superficial or oversimplified manner. r. With this 
conclusion the regulatory commissions generally wc would be i in substantial agree-— 
ment. They, and their representatives on the ¢ committee dealing with de- 
preciation for the National Association of ‘Railroad ee Commis-— 
_ sioners, Cte een the view that the estimated rate for the future 
+! should: not be a matter ‘merely of calculation based on arbitrary assumptions og 
fragmentary statistics. They would agree that it should reflect judgment 
to what the future is likely to hold. Even so, they w ould hold thet statistical — 
_ studies of past experience are useful i in showing Ww hat has happened and what hat, 
therefore, other things being equal, may be expected to happen i in the future. 
if iti is proposed by Mr. that such studies are to be Tejected or 


"presumption as to ‘tue usefulness), a a question. which may r be fairly asked i is: 
What shall be substituted as a means of forming judgments? Is it to be a 


= “medical examination,’ ’ and if so, what is that “medical examination” to 


The element of pitenend may enter most appropriately into this process by 
_ influencing the determination of the nature and extent of the s statistical studies 


types of and i in manner shall the 1 results, and can the 
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1941 BENSON ON DEPRECIATION PROBLEMS 1875 
a Consequently it appears that | the argument f for the e exercise of judgment is 
not : an my ory for substituting that judgment entirely y for the statistical ; 
statistical as a means of informing the judgment. 
BEVERLEY Benson,” M. Am. Soc. C. E.*—The principal conclusions to 
be draw n from Mr. Walls’ paper are: (a) ‘That he considers and 


function of the other; (b) that the forces which cause can 
measured with reasonable accuracy | but that the depreciation they cause cannot 
bes so > measured; (c) that rer remaining service life cannot be estimated with a any 
"degree of accuracy; : and (d) that t the estimate would be Ww orthless if it could be — 


a Of course, competitive — dares not adopt so vague a plan for 


_ Granting the difficulties inherent in any objective 

email, the writer believes that a more definite proce edure ioe the vague 
plan outlined by Mr. Walls is necessary. _ Remaining service life i is | the most 
‘important single criterion to be considered in estimating the value of any 
: economic i item or group of of ‘items. 7 In ordinary activities the amount one will 
pay for such an item depends upon his conscious or unconscious estimate of the | 
- Gisine of time it probably c can be used. «Ati is at this point that one finds the 
distinction between deterioration as an engineering | concept of efficiency ond 
t of value. A 4-in. candle will give as much 
at t the moment as an n candle the s same diameter, but the value of 


Similarly, ‘improvements to a power rate may improve its coal economy or 
reduce maintenance expense ¢ or improve reliability, but the u ultimate value of the = 4 
_ improvements is a function of the remaining life of the plant itself. Professor oa 4 
Grant’s brilliant. paper gives added emphasis to this point, because estimated 
remaining life forms the basis of | much of his extremely interesting treatment. :. 
Although the importance of remaining life asa criterion of value is enormous e. 
and (in the writer’s opinion) is” controlling, it is nonetheless true that the 
difficulties of f estimating remaining life are real and that precision is probably — 
not possible. Therefore, the wise executive will adopt. a plan which 
re However, there are many reasons for thinking that estimates of remaining 
tg life of physical property can be made with reasonable : accuracy. _ In the first 
i ina | property of any considerable size sudden changes i in life — 7 
of the group as a whole are not likely, since the inertia of the mass acts as a 


stabilizer. if a 20, 000 electric meters and i is 


% Prin. Statistician | (Eng.), New York Public Service Comm., New York ork, N.Y Y. 
%a Received by the Secretary November 21, 1941, 
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7 The objection is often made that changes in the arts cause unpredictable Pee? F ae 
changes in service life; but a properly organized actuarial study contains the 
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effect of improvements in the arts. There i is] little evidence to show that 
the rate of such improvement varies greatly Consider, for example, improve-_ 
ments in steam locomotives—the water- -tube boiler, the compound cylinder, t the 

outside valve gear, the feed- water heater, higher and higher boiler pressures, 


superheaters, return to ‘simple. cylinders with short cutoff, uniflow boilers, 


oe 


“mechanical stokers, etc. — W ho can say that improvements in locomotives have 


ended | or will continue at an accelerated pace? 


It is sometimes said that the effect of obsolescence makes life estimates of - F 


little value. It is probably true that the preponderance of retirements of ; 
utility property is due to obsolescence and 1 inadequacy, but there i is little = 


- _ evidence that these factors are unrelated to age. | This point is illustrated by 7 


Fig. ‘1. _ If the retirement rate is _ constant (that is, no ed tendency to 
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‘retirement at one age than at another), the resulting life t table v will have the 
ofa compound discount curve, as shown i in Fig. 1(b). On the other r hand, 
on if retirements are an increasing function of age, the life table will have the shape : 
Te Engineers | of the New York Public Service Commission have constructed 
: ma ore than 300 life tables representing more t than $400, 000, 000 worth of utility 
ee property. Since all the life tables they have been able to construct are of the 
na = “normal! al” shape, the conclusion i 1 is inescapable that obsolescence i is a function 
of ag age an id, consequently, is no > less predictable. than many ‘other v variable 
a Another s strong reason for having confidence in life es estimates lies in the close 
‘similarity of results for different companies. Fig. 2 illustrates this similarity 


ra ‘few groups” of property. The most interesting point shown by these 


graphs i is in the similarity of the shapes of the life expectancy curves, although 
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Discussions 


__ However, the writer wishes to emphasize the importance of having such : 
i statistical estimates made by engineers. An engineering basis should be used in a 
choosing the type of mathematical a: analysis; but statistical estimates should be 
used only as a guide to engineering judgment in eames with | a det 


ledge of the physical plant under consideration. 
-Itis important that actuarial analysis be confined to fairly recent experience, 


ed ait although the width of the experience band will have to vary somewhat with the - 
: life ex expectancy of the type of property being investigated. : There seems to be 
little question that present or very recent conditions should be reflected in any 
a. need estimate for the immediate future. It must be remembered that the rate rae 
which | old property is being retired now is some indication of the rate at which 


The cost of statistical analysis of ‘physical property is not prohibitive. 


F _— set up, mortality studies can be kept up to date at very little expense and, 


with recently | developed methods, the cost of the — actep, even for saul 


a a It cannot be denied that regulated industry is in a special position — 
kee provision for depreciation, since the law requires an attempt t to fix rates ora 
will lead to a fair return. Therefore, 1 many of the usual ¢ concepts of value ina 
_ competitive group must be modified od because the ordinary f forces of supply and 


demand cannot act Consequently, a device must for 


| 


Om 


Tate is too o large). On the other hand, owners must be ‘Tecompensed i in some 
“way if the estimate of life p proves. too | long (if the annual rate is too sm all). 
cre ‘Return must not | be allowed on amounts contributed by customers rs toward 
ultimate retirements. These aims can best be achieved if the rate base is con- 
‘sidered as the total plant less depreciation reserve. 
= ak: The. required flexibility can best be provided through the use eof the straight- 
line group | basis for | both accrued and annual depreciation. © In other w ords, the 7 
: 
-ealculation of annual charges for depreciation must be based upon the s same set 
_ of factors as the calculation of the accrued depreciation. Straight- -line depreci- 7 
ation ona a group basis does no not mean equal annual ¢ charges in dollars but means 
ee a constant annual percentage of surviving dollars. _ The result of the use of the 
group basis is that a deficient re reserve on property | which lasts less than average 


life expectancy is made up by an excess reserve on property which | longer 


& aa must not be nad again if the ovtimate of life proves too short (if the oxo 


¢ 


By the use of the fixed capital less reserve as a rate base, errors 

_ in life estimates tend to be offset by inverse errors in return. That is » if the = T 

eae - life estimate is too g great, the annual charge is too small , the reserve is too small, a! 

ee “st the rate base is too large, and the owners get a greater return. i On the other _— 

hand, if if the life estimate is too small, the annual | charge is is too great, the re reserve &§ 


is too great, the rate base i is too small, and the o ners get less ~~ 4 
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“Discussion 


BY ‘Messrs. ns. NATHAN CHERNIACK, Park H. M 


CHERNTACK, 7 Assoc. AM. Soc. ©. E. “—Mr. Harrie’ ps paper serves 
en -emphasize this. in the “modernization of. existing highway 


“facilities, , and in the design of new ones, there i is @ need for t the engineer to ‘adopt 
a “demand” point of. view. This 1 means that the engineer should regard _ 
highw ay, first, as a facility for regular use by human beings operatit ng machines ~ 


~ over its surface for the purpose of traveling between given origins and desti-_ 
nations s safely, expeditiously, comfortably, and conveniently; and secondly, as’ 
an engineering s structure designed to carry ‘specified loads : and constructed ole 
definite structural materials. highway that cannot, at once, “satisfy” 


“demanc specifications 1 is a poor engineering structure, and serves constantly 
= 


Rx. Mr. lightly on the of economic justification of 


highway facilities. — W here he does, however, he reflects the orthodox theory of 
economic justification—namely, that reduced highway and vehicle operating 


costs justify the magnitude of a highway improvement. — This theory ¢ can stand 
drastic revision. ty For example, under “Case No. 3. —Preseription for a Danger- 


ous Route” he states: 
“The average loss of time over this two- mile section was calculated © 
7 ~ ete the data to be 1.08 min or a total over a year’s time of 2,222,000 — 
min. * * * Using for this example the value of one cent per lost ‘minute, 
be total loss capitalized at 5% possibly warrant the expenditure 
‘There seems to be something basically wrong with a statement that a saving of | 
bs a minute by each vehicle might support a $445,000 improvement. 
Nors.—This paper by Milton Harris, Assoc. M. Am. Soc. C. E., was published in May, 1941, 


- edings. _ Discussion on this paper has appeared in Proceedings, as follows: September, 1941, by Charles: 
} E. Conover, M. Am. Soc. C. E.; and October, 1941, by Stephen E. Butterfield, Assoc. M. Am. Soc. “ 


17Economist, The Port of New York Authority, New York, N. 


Ja Received by the Secretary November 21,1941. 
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‘MARTIN ON, RURAL Discussions 


two ee "Ther is No saving, for example, in the port tion representing fixed 


there are no "Truck time saved does have value, but if such 
is substantial and can be utilized effectively. _ What could a truck operator « do 


ms. On the other hand, passenger-car time costs much less than truck time. In | 


fact, i in most. cases it has no commercial cost whatever. — Then again, car 
operating costs may sometimes prove to be higher, because of greater road 


distances a nd higher speeds on improved or new highways than on alternate , 


_ older routes. All of these facts would tend to reduce the expenditures that 
could be justified for improved or new highways. Despite 1 these facts, however, 
the experiences of toll highway facilities indicate that, as between a modern 
Bos tunnel with a higher toll and alternate antiquated ferries, for example, 
& as between ay modern toll bridge or toll highway and a congested “free” bridge 

a ‘highway, s a substantial g: group of passenger ~car motorists are paying ring something 

extra, in tolls, for the privelege of using superior facilities. — a 

a realistic approach to highway ec economics would therefore recognize these 


~ economies s that would permit them to make more revenue trips (and incidentally : ; 
—— operating costs) rather than i in those that promise unrealistic ‘‘paper’ Jan 
reductions in n operating costs; (2) that passenger- car motorists (especially 
around ‘urban | areas) a are more interested in reducing the ‘ “wear and tear” on 
their nerves than on their cars; and (3) that well-designed highw ay | facilities. can 
offer travelers. positive “new” values, such as speed (consistent with safety), 
comfort, ‘convenience, recreation, pleasure, and d (again, especially in urban 
. areas) freedom from the irritations and annoyances of the older hazardous and 
- congested alternate highways controlled by traffic lights. + In. studies of the 
economic justification « of modern | highways, anticipated time savings 1 may be 


= as indexes of these ‘ ‘new’ values. Usually, however, they are largely 


neglected because they not readily measurable. 


ie To determine these “new” values, which, in many cases, overshadow © 
doubtful anticipated operating cost reductions, requires the measurement of 

differences in the nervous energy used in traversing existing a 


controlled streets and highways, on the one hand, and parkways, expressways 
and freeways, on the other. Possibly this may be accomplished by means of 
be _ portable instruments indicating the ‘differences i in the blood pressure under | 
“4 _ which drivers operate under different highway conditions. As Mr. Harris © 
states in his “Introduction,” “Traffic psychology is complex and yet unsolved. 
ost ‘This is type of research should be undertaken.” | Such res research apparently 
may not come within the field of engineering or - economics, but it would be. 
highly fruitful and» would throw a flood of light on the enue aspects | of. 


ve 


H. Martin,® M. Soc. C. E. Engineering terminology should 
= and not subject to several The use of the word 
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“rural” j in the title « and body o of this p paper has caused the writer to speculate: 
at some length as to what the author intended to imply. After careful study, 


the writer concluded that the term “‘rural’’ as used embraced any and all types oe 
of highways lying outside of, or beyond, urban centers, 
_ Expression of opinion was sought by the writer from half a dozen « engineers 
| of experience in highway work, as to their r interpretation of the term ‘“‘rural : 
ay.” Without exception the « opinion expressed that rural highways 


meant highways extending through rural areas, with very very y limited vehicular — 


It seems ridiculous that a term used so much in 1 highway engineering should - 
have so indefinite a meaning. In general, “rural” has been used as defining a a 
certain class of highways. Highway classification terms are not uniform; nor 
do the words used | by one > department m mean the same \ when used by another. : 


‘Several illustrations “picked at random follow: Fr rom the State of Oregon 


System—_ 


Rural arterials 
R-2. Rural general use laterals 
R- Rural land service ways. 


land service e ways = 

The 1940 report of the State Wide Planning Survey of of the Maryland | State 
Road Commission states on page XVII, , “This plan for centralization of au- 
7 thority and responsibility contemplates the grouping of all public rural roads — 


into three systems for administration purposes: (a) State Primary Road System, 


- (b) State Secondary Road System, (c) Local or Land Service Roads.” 
_ In the State of Pennsylvania a _ somewhat different classification exists. 
In 1911, , by an. Act of the Legislature, a a State System | of Highways w was created. — 
Main roads connecting county s seats, cities, and boroughs were | taken over as 
state highwa ays. About 12,000 miles of highway were involved. In 1931, by 
és. an additional Lesidatere enactment, 20,000 miles of highway were added to 
ss system. The 20,000 miles of new highway was designated as the ‘Rural 
Route System, Ee the original 12,000 miles being commonly called the “Primary 
System.” of ‘The justification given for taking over 20, a. miles of new highway 
was Te ‘tthe: the farmer out of the mud.” Since farmers live in rural.areas 
term, “rural” was given to the addition. Many of the roads taken over 
, - were not rural in Pras or service and are less so now, but the term still applies. 
Conversely many were rural in character and ser service, , and still remain 80. 7 
‘Traffic data made public by the Pennsylvania Department of Highways 
an -eighteen- -county traffic study involving 8,584 miles of road are 
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ete the largest: sense) are urban residents and drivers. The average > driving speed 


on rural al highways than upon urban highways and streets. 
r 


MARTIN: RURAL nor 
“The forogoing shows that 4,095 miles of the 8,584 miles eee el less 


classification ‘nomenclature the several ‘different of 
ways. . The basis for determining the - terminology to be applied is debatable. - 
‘The writer ventures to recommend that t traffic volumes and traffic: use be the 
foundation for the classification and terminology. r recommendation. 
made notwithstanding the opinion of f some highway engineers that traffic 


records cannot be used to divide or classify highway systems. For example, 


Keefe, M. Am. Soc. C. E., has written:® 


“On studying our traffic records it soon becomes apparent that one 
cannot divide the existing system into existing primary and eearrying 
roads on the basis of traffic. On many roads one section will be carrying 
 jight traffic, 100 to 150 vehicles per day, while on another adjoining —_— 


the count may run 750 to 1, 000 aa day.” Lees 


The au author implies that rural traffic is different from city 0 or urban traffic. — 
"The large m majority of drivers on rural highwa ays (the term hereinafter used in 


is undoubtedly higher, but otherwise the driving habits are not much different 


x The e author seems a a bit inconsistent in his: discussion of traffic behavior 


Quoting from the “Introduction”: 

“By analysing traffic action, traffic behavior can be determined and > 
evaluated. Roads should be built accor dingly; hence, it seems reasonable - 
to expect a road design that will accommodate that behavior which is — 


normal to those who drive with prudence.’ 
In the nex next paragraph, however, he: states: 


“Doubtless, driving habits can be dened by ‘education and by en- 


orcement, ‘but more probably can be accomplished by natural regulation 
- resulting from properly designed highways which accommodate themselves 


4 


ing 


= 


_ Pittaburgh as a freeway with 12-ft lanes, a 


to reasonable existing traffic patterns * * *.” 
call Iti is true that drivers as a class do have certain uniform habits. |For j in- 
stance, they will not drive close to a curb onan open highway, very 1 many spiral- Ps 
ize curves of their own accord, but the engineer must plan from sound engineer- — 
ing principles a and not from drivers’ changing whims or habits. nl al RE 
most outstanding project of modern highway engineering with | which 
the writer is familiar and in which has been incorporated every known . principle " 
of approved d highway design, is the Pennsylvania ‘Turnpike. notwith- 
standing the care in planning and expenditures made, drivers will ‘ “crack up.” f 
It is evident that a wholly foolproof road can never be designed and built. “ 


bay ‘Four-lane divided highways are given as an example of engineering that 


: = will eliminate head-on collision. Several years ago the Pennsylvania State 
Department of Highways rebuilt a part of the Bigelow Boulevard i in the City | 


. division s n strip being protected by 


— 
— 
The writer is of the opinion that the term “rural highway” is not a proper 
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curbs with a 10-1 -in. _ reveal. _ Experience has shown that ‘iti isa rather common . 


y occurrence for cars to crash over the curb and wreck themselves on light stand- 
set in the dividing space. The i irony of of one of the wrecks was that it was 
4 


a police squad car. This is not to recommend that the divider should be 
but rather to re-emphasize the personal element in driving. 
- The author illustrates and mentions the use of photography as an aid in 
a traffic studies. F ‘This suggestion is excellent and its use is desirable in various 
ways, one of f which e could be the study, by means of moving pictures, of merging 
- Another commendable point made by the author i is the Aamvcittenit of traffic 


inder varying conditions of light and weather. ‘The writer has long been 
& impressed by the failure of traffic engineers and designing engineers to to = - 


more consideration to night visibility on a highway. Traffic islands in many 


J instances: serve a useful purpose, particularly when lighted. On rural high- 

ways, they may ‘become points of hazard, due to poor visibility ; at ‘night. At 

tempts to direct traffic by channelization w hich involve complicated openings 
confusion points should be “particularly when such points are 


At another place the traffic engineer, or some winnie crew, may have 


failed in the e placing of directional and speed signs. criticism refers” 
particularly: to older tural highways of poor alinement. writer has ob- 
served many signs that are e visible in daylight driving, but a are either invisible’ 
or only partly 1 visible at night. _ Thisi is generally tl the result of | improper placing. : 


studied i in the field at night, as | well as by | day. The proper ‘ ‘signing” of high- = 
ways, particularly those routes which have p poor r alinement, and for which funds" 
.* not available for reconstruction, is highly important. rn 

~The night accident record on rural highways is a as testified! by 
M. Reid, of the General Electric: Company: 


“What are are ‘the facts as to the relative day and night’ hazards on our. 
~ rural highways? The statistics gathered by your departments show that 
from three-quarters to four-fifths of the total 24 hour traffic is by day, 
and yet almost half the non-fatal accidents and over half the fatal acci- 
dents occur during the period of dusk and darkness. Hence the average 
_ accident hazard per vehicle mile at night is three to four times that by day. 
And the fatality rate per accident is 64 percent greater at night. ea 
A study of the proper placing of signs that are visible for night t driving seems : 
BS i be a field which needs more attention from traffic engineers. The author = 
>. has discussed this subject, somew! hat, in his example of study involving a curve 
reduction illustrated in Fig. 6. The result is the recommendation that. the 


curve ve be reduced with a radius of 644 ft for a speed of 50 miles per hr. 7 | This i is 


7 all very good, but it should be remembered that there are thousands of such 
tl curves w hich probably cannot be corrected because of lack of f funds. = Why not — i 
“= place a ‘directional curve sign at the proper place at the curve approach and 
on the sign the safe speed for the curve, such as “Speed, 35 Miles’? 
* The distance that the sign should be tat from the point of curvature should 
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noth be less ss than the distance required to brake t the s speed of ~~ approaching ¢ car 
from * what 1 would be the safe apeed of the car in the tangent down to the safe 

_ There i is also one additional factor to be © 

considered in outilnn the safe ti to negotiate : a curve: On a two-lane high- 
way the ry should n not exceed the distance required to bring a car to: a ‘Stop if if 


‘In the case a the example ated i in Fig. 6, the safe sight distance will he 


- less than 250 ft a: and the safe speed should be less than 50 miles per hr for the a 


‘corrected The critical is sometimes to be abo ut 50% To 


designers give no to important relationship, if left to them- 
selves. — The writer cannot see how there can be a rational design of : a highway 
<i without all the known facts of traffic bein 4 

‘mind one project in which the designers proceeded without traffic figures. 
Ww hen those in charge of design were asked for their traffic data, it was found 
that they had not considered any. A complete “origin and destination survey 
was made and the original preliminary plans were re discarded entirely. —— 
ae peak-hour | traffic is | undoubtedly t the. criterion for which the the designer 


= 


plans. _ Daily volumes are interesting and of value in presenting the ec economics 


of a problem, but the peak-hour load is the controlling factor in design. ice 
Forecasting is interesting but sometimes rather hazardous. -Notwithstand- 


the uncertainties sometimes involved, ‘it must be done. Forecasting the 


way vay rather than “sata expenditures for the reconstruction of an wading: high- 
way. F For example, state Route } No. 19° is the main r route > leading north | from 
Pittsburgh. Outside the city limits the road passes, for. four miles, through 
rather populated : suburban | areas . On one particular section tl the alinement i is 
poor. For some time there has been considerable agitation to correct this 
@ condition by the construction of a bridge. ‘This would entail an expenditure 
_ of several million dollars ‘Tesulting in a considerably depressing effect upon 
adjacent ; property values. The construction of a new four-lane divided high- 
way through undeveloped farming | land about one mile east was decided to be 7 
the better plan. 1. The construction of the new highway (at a cost only slightly 
_ more than the cost of the proposed bridge) affords two routes for some distance 


north of the city, with considerable relief to the existing traffic load on Route 

The lack of Po parallel roads, particularly detour routes, in times of 


= 


be considered in the light of available duties routes. 


ks he writer cannot agree with the author when he states (see “Trafic D Dat: ‘o 


fer Design”)— obtain’actual data for design it is necessary to know 


2 ways are They 1 may vary from 45 to 55 hr. 


safely at a speed 
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has i in mit mind involves ther reconstruction of the highway. ‘Since tl the high- 


penis for the safe a speed, which i in turn would permit a higher critical 
- speed. _ Unless the highw ay isa freeway, the design speed should not exceed 
60 miles per hr. 7 Since internal-stream friction (the conflict of faster and slower — 
Ay traffic in the same direction) is the cause of the greatest percentage of accidents, 
it does not seem wise that greater speeds than legal limits should be encouraged. a 
a Minimum sight distances for passing and non-passing are now well deter- _ 
mined and accepted i in standard practice. | ‘The v writer, | personally, v will remain — 
a critic of three-lane highways. . Economically, as well as from the standpoint — 
safety, they do not appear sound. The only exception that. may be noted i 
in the case of truck lanes in| mountainous areas. _ Joseph Barnett, M. Am. 
‘Soe. C. E. , has presented! an interesting and instructive treatment of 
‘intersections. W hen funds are not available for separation devices this phase __ 
of rural highways i is highly important. | 


Too much stress cannot be placed on on the angle of visibility, not only. at 
intersections at | traffic lanes. . The writer has not been con- 


1941 the City of of Allegheny, and Pennsylvania 
State Department of Highways completed a grade separation in the city ofa 
street. and Bigelow Boulevard. A merging traffic lane i is brought into” the 
_ Boulevard by . curve, the deflection angle of the access lane with the Boule- 

_-vard being 25°. _ The ‘radius of the curve between the access lane and the 
~ Boulevard i is 588 ft. _ Speed on the Boulevard i is about 45 miles per hr. — Those 
~ who have observed its operation have been very much impressed by the speed 


and ease with which the traffic merges. 


i _ The writer agrees with the author (ace ‘Traffic Data for Design’’) in that: 
“The angle of intersection has a direct bearing on design in that the angle of 


-visibility of the driver is confined within relatively narrow limits from within his 


I 
n the ie subject: of relationship « of traffic to 


* u — intersections, Design and Application,” by Joseph Barnett, American Highways, January, a 
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_Discussrons 


“design, por dam, the author is to 
-congratula ed. The consulting engineers on this work (L. F. Harza, M. Am. 
Soc. C. E., and the writer) and the chief engineer (Mr. How ell) advocated a 


‘somewhat smaller section for this dam, the finally adopted s section being : an 

‘compromise between their ideas and those of the state engineer ’s consultants. 7 

This point is indicated in view of the adopted for subsequent 


designs dams of similar type. 


prototype the results of tests of the inne ‘models as shown in Fig. 24; nor can 


he agree with the statement (see “The Spillway”’) that the discharge for a 
models and probably also for the prototype can be expressed by Eq. 5, having 

In the three mo models and the prototype, sein. respectively, ho 
"heads of 0.03, 0. 15, 0.75, and 15.00 ft for the scale ratios of 1 : 500, 1 : 100 


est and £3 q (prototype). . The test head of 0.03 ft in the 1 : 500 model, 


= 


of course, is entirely too small for consideration on account of the relatively 

great influence of skin friction. The test head of 0.75 ft in the 1:20 model 
should closely simulate the action of the prototype since, for that size, the 
inf influence of skin friction, with a properly constructed model, is negligible. _ 
-_ aye - Beginning with a head of 0.75 ft in the 1 : 20 model and a flow Q of 2.475 


cu ft per sec, and assuming that the true is 1. 


+5 


If this parabola were plotted ir in Fig. 24 it would give = = 221. 0 0 for: homolo- 


gous shead of 15.0ftin the 1:1 prototype instead of 246.0 determined by the author. : 
dua _ Similarly, the corresponding homologous discharge for the homologous head 
“of 0.03 ft, in the 1 : 500 model, is Q = 0.0198 instead of the measured discharge . 
= = 0. 0177. The lower is accounted for by the ‘Tela- 


_ Notse.—This paper by Paul Baumann, M. Am. Soe. C. E., was published in September, 1941, Pro- ' 
wn Discussion this paper has appeared i in as follows: 1941, Soucek, 


4 Cons. Engr., Buffalo, N. 
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GE AFFILIATE Am. Soc. E. 
RVING B. CrosBy,” 22 Aq. Soc. C. E. (by letter causes of 
‘the Fort ] Peck slide have been discussed by Mr. . Middlebrooks in in his s very useful 
_ paper, and he has shown that the slide was due to weakness in the foundation 
shale and not to any weakness in the dam itself. a The writer believes, however, 
‘that certain geologic factors have not been brought out by the and that. 
an erroneous impression has been given by some of the statements. ina - 
_ The Board of Consultants unanimously agreed that the slide ‘ ‘was due to 
the fact that the shearing resistance of the weathered shale and bentonite — 
‘seams in the foundation was insufficient to withstand the shearing force to 
which the foundation was subjected,’ but as to the relative importance of the 


- various factors the Board could not reach agreement. The writer is solely | 


responsible for the following ideas, some of w hich may be at variance with those | 


ii The Bearpaw ‘shale i in the vicinity of Fort Peck Dam has been intersected 4 


250 


these faults were due to deep- seated causes, but some of them were caused by 

landslides in the bluffs of the Missouri Valley at a time when the river was flow- 

= at a a low er level. - ™ principal results of the faults were the production of. 


_ by numerous faults or fractures on which movement has taken place. Many 


“Study of the numerous is boring cores and records made after the slide indicated = 

_ that there was horizontal movement on a bed of bentonite and that this plane ' 7 
movement reached the surface largely through reathered shi shale. The 

writer believes that the bentonite beds and faults played a very important part 

7: Mr. Middlebrooks has described the hydrostatic pressure found in many 


- Dorings in the shale and has ascribed to this pressure an important part in — 


Nore.—This paper by T. A. Middlebrooks, Assoc. M. Am. Soc. C. E., was published in December, : ww 
g 1940, Proceedings. Discussion on this paper has appeared in Proceedings, as a: March, 1941, by — =) 
7. 7 Jacob Feld, M. Am. Soc. C. E.; April, 1941, by Joel D. Justin, M. Am. Soc. C. E.; May, 1941, by Messrs. 


q William Gerig, Alfred J. Ryan, and ‘mens Gilboy; and September, 1941, by Frank E. —e Assoc. 
M. Am. Soc. C. E 
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causing the slide. He He ‘States that prior to de of the dam the 
bentonite seams were cov ered | by only a shallow overburden, that they had — 
expanded and taken up water, and that then the superimposed load of the dam 
caused high hydrostatic | pressures in the bentonite, which facilitated the slide. 
No such condition (water taken up by the bentonite) existed, however, in the 
case of the older slides in the bluffs. In those slides the bentonite > was still 
under a thick los ad, and it did not have opportunity to take up water and ex- 
pand. . These slides were due to undercutting of the bluff by the river with | 
consequent ‘indirect and very gradual overloading. ~ Similar | slides on a small os 
scale have occurred in the banks of the reservoir since the water was raised and a 
_ lowered, and in every case observed by the w riter there was a bed of bentonite. 


- Similar slides occurred at Snake Butte, Mont., , associated with beds of bentonite 
in the shale, but in th this case the peculiar situation of thin ov erburden and — 7 p 
sudden overload assumed by the author did not exist and yet. ‘slides occurred. 


° he writer believes that the water squeezed out of the shale in the various i : 
borings came largely from the intricate network of fractures in the shale and to 
only a small extent from t the pores of the shale-and bentonite, -and that “‘lique- : ; 


faction” of the bentonite previous to » the slide did not exist. Once movement 
‘occurred, however, water from the fractures may have been mixed with the 4 
bentonite and facilitated the ‘extent of movement The presence of fiat 
bentonite beds and of fault planes inclined toward the e valley provided planes - 


of low resistance on which movement occurred when the superimposed load © 


is Mr. Middlebrooks concludes that the best means of avoiding similar slides 
in the future, ‘ ‘is to alwa ays obtain representative u undisturbed samples of this 

type of rock, s sufficiently large to reveal the true character of the rock to geol- _ 
ogists and engineers. ” Numerous undisturbed samples of of this s shale and ben- 77 
tonite were taken, however, and numerous tests were made on them p prior . 


_ the slide; but the t true co condition of the shale was not understood and the _ 


writer doubts that more and larger samples would have the 
dangerous 

been correctly interpreted first. _The history of slides is written physio- 
reign the shale, over a long panera of time, in a manner that. cannot be 
duplicated i in the laboratory. Correct understanding of these natural tests 
will often reveal what laboratory tests fail to show * The tests, by nature, i 
_ the bluffs have shown that the bentonite is the weakest natural material inthis 
region and that slides frequently occur on it Correct interpretation of the 


aad stratigraphy shows that great masses of ote have 


tom. ‘the true conditions been understood, the have 


to meet those conditions safely. 
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DISCUSSIONS 


VALUE OF PUBLIC WORKS 


Discussion 


J.P. M. Am. Soc. C. E. (by letter). The writer is gratified 
a that his attempt to oui an analysis of the value of public works has met with 7 
such generous: discussion. That was his hope, as it is evident that, when an 
‘emergency problem of this character. is presented, a an analysis: of the actual 
results obtained under experimental processes and the troubles encountered a 


in the pursuit. of a relief works | program will be of the greatest possible aid 


in determining | the possibility of future | betterment in methods. F or all 
practical purposes, the p paper might just as well have been entitled “The V alue Bs : 
of Time,” since the results indicate that lack of preparedness wa: as a very im- 


porte unt PEesang ig in delaying the process of getting the program of public works 


evident in 1930, required much the same collection of facts as would be pre-— 
- sented to a receiver of any large | private property that suddenly : found itself 
unable to meet its current necessities. For example, | one becoming unex- 
d pectedly heir to a great ranch property ina run- down condition would find 
his primary consideration « directed to an inv ventory of his asset is—the » condition — 
oft the ranch ‘in regard to summer and winter feed, the water + supply and its 
‘S possible distribution to bring it within easy reach of the grazing herds, the 
creation of adequate r reserves against long droughts, and the question of w hether — 
the cattle stocked were of breeds best suited to the ranch conditions. . All Ww ould 
be basie s situations ns to be « considered before. entering upon a program of rehabilita- 


tion of the property. 


Similarly, there existed i in 1930 only» very sketchy information n on the condi- 


of the natural resources of the United States, its forests, lands, water re- 


‘Nore. —This paper by J. P. Hallihan, M. Am. Soc. C. E., was published i in February, 1941, Proceedings. 
Discussion on this paper has appeared in Proceedings, as follows: April, 1941, by Clarence W. Post, M. Am. 
Soc. C. E.; May, 1941, by Messrs. Uel Stephens, William J. Wilgus, Bernard L.w einer, Albert Ed. Scheible, 
H. B. Cooley, and Philip W. Henry; June, 1941, by Baxter L. Brown, M. Am. Soc. C, E.; and | September, 
141, by Messrs. Evan 8. Martin, Isador Ww. Mendelsohn, and W. W. Crosby. 
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sources, and in its resources in n the light of the 
demands of national defense. _ Progress has since been made tow ard | catching § 
up on this deficiency. In many cases it has been found that great losses have a Ri 
‘been sustained by failure to have reasonably ‘complete. information av ailable 
and to determine whether properties: previously r regarded as assets were still 
in that ¢ category or were in an advanced stage of ‘depletion requiring long 
periods of conserv ation = building | up processes before esi could again | be sali 
The writer did not to convey the i impression that the development 
ofa program was the only thing necessary to do in combating an 
nds he record shows that it proved to be the most readily 


the greatest salvage in the creation of needed facilities 
the same on direct relief f pending what was thought by many to be 


In the period beginning in 1930, ‘no effort of consequence was made by ae a 
a industrial machine to set. up a] program that would take the place of a 
_ feder al-aid public works program. . The privately owned industries are not 
to be blamed for reluctance to gamble | their reserv es, W hich would certainly 
be needed to rebuild obsolete plants on on the resumption of industrial activity, 
in the expenditure of such sums before the trend of recovery became clearly 4 
fess ~The same h hesitancy and doubt caused the hoarding of private capital fas | 
rather than expenditure i in private c construction, such as s housing, not wholly 
: _ dependent upon industrial recovery but facing the imperative necessity of 
taking up obsolescence. In this field the deficiency was so great that it would 
have ‘required something like three times the volume of public construction to” 
_ approximate t the same relative volume of total construction. — In the face of 
this condition, the writer is of the opinion - that the program of public Ww orks sO 
painfully developed was the only measure that had any effect in stopping 
the descending spiral caused by the nagerssce effects of acceleration of unem- 
_ ployment + and diminishing purchasing power. In considering its. beneficial 
effects, the collateral employment created i in the industries supplying mater jials 
andi in the serv: ice industries should not be ov erlooked. The United States as 
ow hole perhaps may be grateful ‘at some future date that attention was thus 
brusquely called to its own deficiencies and that through the. experience of of 
correctiv e efforts and mistakes a plan may be be devised that will find the Nation - 
‘ in the event of recurrence of si similar conditions, with a comprehensive plan of . 
: operations that will make it able to meet the same kind of emergency with 
we ei The writer is impressed with the comments of Mr. Henry i in 1 comparing the | 
depression of 1893 with the depression of 1930 to 1939, and the thought that 


quick from 18 1893 to 1895 was followed by the silver cam-— | 


"prosperity to 1907, a temporary money panic) could | have been bee gery in 
1930. In 1893, the United States was still only the 
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transportation offered quite a different set of conditions to those confronting 


country beginning i in 1930, when the was not tonly by 
conditions in the United States but by world-wide conditions. 
earl a chart® prepared by Brig. -Gen. Leonard. P. Ayres the line of normal 
conditions shows depressions at various intervals, dropping i in 1893 to a maxi- 
mum of 20 points below the > economic line (w hich was the greatest drop since . 
1808) and to 26 points below normal in the primary postwa ar depression of 
19 921. W hat is termed by General Ayres as a secondary postwar depression, 
. ~ commencing ir in 1930, fell in 1932 to a low of 48 points below normal and, after a 
_ brief temporary rise above normal in 1937, dropped again in 1938 to 36 points _ 
below the normal line, from which it ascended to 4 points above normal at the | 
— end of 1939, dropping again in 1940 to 14 points below, and is now (1941) again 
on the road up due to the defense boom. 
General. conditions in the United States were also different in 1893. _Itw - 
not, considered unusual for men to move from a place of unemployment toa 
7 place of employ ment where they worked in camps, and to follow the — 
The: country was in the process of terminating the work | on its ye comers line 


do the work required. . That was the same kind of operation that has been © 
oe in the six ¢ years” 1935 to 1941 under the relief works $ program, except — 
that the relief program was obliged t to find work at the point v where the exces- 
“sive unemployment existed. The w riter believes, therefore, that the ‘Possi-— 
bilities of early recovery that were in 1893 did not exist i in 1930. 


the contera, transport it to the job, _and train it on the job 


Time was lost from 1930 to” 1933 waiting for some evidence the spon- 
taneous: recovery indicated by Mr. Henry, and it appears doubtful that in 


any future similar situation it would be logical to expect an any such setae by -_ 


> 


_ private initiative under the conditions now prevailing args as 


In Mendelsohn’s ‘discussion = ‘Point, ‘is made in paragraph 7 


by loan and grant of federal funds produced a greater proportion of fate 
than the W the inference that the indirect 


there is a considerable in the of the 
The quantity of materials purchased for the same ne type : of structure, of course, 
would be the : same, regardless of the method of construction. I 

- In Table 5, Mr. Mendelsohn presents the ratio « of PW A orders for structural 7 
"materials to the total production of such materials, indicating the beneficial ; 


on shown had he included | the substantial volume of pean for materials 


placed by the WPA in the same period. . Purchases of principal | construction 
Frennsi by | the WPA and 1 sponsors (not including purchases t by other federal — 


q q 
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payroll in relieving the unemployment and in increasing purchasing power. 
The writer is unable to agree with this view as the direct payroll produces an i. per, 
we? By 
— 


agencies by allocation of WPA for the July 1935, 
The 1 Ww writer does not consider it within the scope of the pay paper» to discuss 
a. ome that have been posed | concerning the comparative cost of work done — 


under: contract _methods and the of the laws 


tion to its fullest extent ‘and ¢ d exercise ‘unrestricted | freedom "7 ‘selection of the 
- cream of the labor from the general labor pool, does not include one important 
element of cost, which i is the cost of Maintenance, in condition ready to serve, 
of the general labor pool. — The objective | of the laws governing the operation — 
ss of relief agencies: in aiding public works projects with | federal funds is that 


primary consideration should be giv en to ‘the greatest possible employ: oyment of 


maintenance of the pool i is measurably It has been 
- dear in this emergency that this cost is a fundamental element that has 1as hereto- 


fore been by the entire be best that it should be sO 


- bere jon the cost of work performed under the relief program can be ale 


: ‘The writer « expresses es his appreciation of the high quality of the comments 
aa and papers presented i in the he discussion and invites attention to the creation on — 
June 24, 1941, by the Federal Works ‘Agency, i in cooperation with the National _ 

: Resources Planning Board, of a division of planning entitled the Public Works 

- Reserv e, which presents great potentialities as a measure of preparedness. 

he ie primary purpose of this division is stated to be the promotion of com- 

- prehensiv e studies of the situation i in municipalities prelimin ary to the planning 

improv vements covering at least. yr period w ith and pr pre- 


It is apparent that in such studies any deficiencies in statutory or charter - 
er will be brought to light and measures 3 for correction prepared for” 
action by the appropriate legislative bodies. ae ‘These studies and plans involve | 
no 1 financial | commitments but are designed to present an adequate picture of 


Fon and to clear the field for action by reducing to the pane point 


all legal and procedural retarding ig elements. io 


— 
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Clarifying the thought on this subject. the cost of a public works job 
— 
— | 
— al 
— 
= 
gar ee 4 
— 
4 
— 
— 
— 
‘deemed most necessary by the communities concerned for inclusion in a tenta- 
aes: _ tive construction program. Thus such projects may be ready for immediate 7 
consideration with respect to the financing and development of working plans fF 
> | 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


CONCRETE IN SEA WATER: A REVISED 


> : 


Homer M. Hapey,™ Assoc. M. Am. Soc. C. E. (by letter). j is the 
wa ‘privilege of of the writer to answ er, or to attempt to to answer, the objections that 
= ave been raised to his y paper On the moot subject of concrete in sea water 
there would probably have been a wider discussion and more objections raised 
if times were less troubled and more leisurely than now. _ However, a sufficient 
amount of skepticism h has been presented, directly, indirectly, and by reference, | 
: to > stimulate the writer to further and closing endeav ors, asfollows: | 
tia First be it said that the paper attempted | to give a summarized but. com- — 
plete statement of facts and conditions as they exist; then an interpretation of _ 


those conditions. a As to the statement, that there are a | large number: of con- | 


care | free from deterioration, ‘no were entered. On n the c contrary 
= Stanton, Ww ay, , and Paxson confirm and indorse these statements, and Mr. 
4 Squire, although favoring the chemical attack theory, ‘spec ifically decl: ares that 


substructure of the F erry Building at San Francisco, “approaching its tem 
annive free from deterioration. T ‘herefore, the existence of the 


beyond any one’s asse pro o con, are | the structures es, 

standing i in place and giving their own testimony to whoever examines them. 

Mr. Squire appears to feel that conclusions based on a mere quarter century’ s- 


_ performance are too hasty ¢ and precipitate. and that good behavior for the first 


25 years is no assurance as to what may hi say in an ominous future; but 


ees Nore. —Thie p paper aper by Homer M. Hadley, / Assoc. M. him. Boe. C. E., was published i in » Januar , 1941, 
Proceedings. Discussion on this paper has aporeses in Proceedings, as follows: March, 1941, by homas 
E. Stanton, M. Am. Soc. C. E.; April, 1941, by Messrs. W. F. Way, and Glenn 8. Paxson; May, 1941, by 
Messrs. Lester C. Hammond, Ladis H. Csanyi, and G. M. Williams; June, 1941, by Messrs. Harry E. 
_ $Squire, and J. W. B. Blackman; October, 1941, by Messrs. E. C. Jack, and 1 Alfred M. Freudenthal ; and 
November, 1941, by Rights, Assoc. M.Am.Soc.C.E. 


% Regional Structural Engr., Portland Cement Assn., Seattle, Wash. 


Received the October 37, 1941. wie 
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attack bie: been eieueabed. ‘It is weeny in the interpretation of the deteriora 
tion which has occurred ‘that variance of opinion is most pronounced. bic ae 
ar S 4 Before. coming to the other ‘matters, however, the question 0 of the : signifi- 
. Ifsea water 
a why ar are e they i immune? If they, are immune—and they are— 
. hat is the matter with the sea-water attack? here is it? hy doesn’t it 
short, w here i is the reality—in the e structures or in that 


iz 
teal ‘future occurrences must be duly fulfilled if faith and cr credence are to be main-— 
oa tained in the prediction. | Therefore, it appears advisable to ‘the writer that 
i: a the inevitable sea-water attack theory be abandoned because of altogether too | 
; mm much conflicting evidence. - Hower ev er, should any one be minded like Mr. . Squire ire 
ae - to retain it for another 10 or 20 ye years, let him feel w holly free to do so. o. Time me 


er not a an end. Nev he should bear in 1 w hat was” said oa old: 


Also pecs of fullest consideration ar 


 tures—those which combine disintegrated parts with sound 
affected parts. WwW hy do they do this? How can such things be? If the sul- 
fates of magnesium, or w hat- have- -you, attack the concrete in some places, 
Ww shy not in others? _ Attention i is directed to Figs. 2, 4, and 6 as food for: thought eS 
_ for every one, but particularly for those who yearn after after the chemical and he 


q a ae. is gratifying to find that there is general agreement on n the need for — 
sie _ proper mixtures, minimum water content, careful placement, etc. — Since the 
importance of these matters is now widely recognized, it follows that concrete 
aa of in sea water will have a far better record in the futur future th than 7 has had es 


= The dearth o of supporting laboratory data in the paper receives a adverse 
comment in two discussions. such data i is most is admitted. 


to sea many years that he not only sees it is 
ui and unaffected but on striking it with a rock or a hammer he likewise feels that _ 
it is | hard and uny ielding and hears it ring to the blow as only: hard, sound — 
is concrete does, then on this evidence of three of his five ‘senses—all that are 
inv volved— — —it is submitted that without more ado and without waiting for core | 
borings he may ‘well believe that i it i is is indeed unaffected ed by th the sea water. Such 
g to doo on one’s own ripen ol 
the ‘additional por supporting evidence, physical 


assuredly be most desirable. extraordinary anomaly deserves the fullest 


_ investigation; but this i whe ‘no rare thing, this unaffected concrete. It is a 
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on 0 CONCRETE IN WA WATER | 


ap appear 


‘more than a any or cutting of cores is a and 
detailed survey and Teport on conditions as they exist, supported with ample oe . Ie 
_ photographie evidence. _ Every one could then form his own | conclusions from ri. 
the photographs—and ther re would be little to. argue about. 
cause of sea-water attack is no more than this: Too much water in too ean mas e 
mixtures frequently assisted by | careless placement. ‘Change these conditions 
and the attack disappears. Retain these conditions 
“Pay your money a and take your r choice. 


Several advance the suggestion that where deterioration occur the 
sea-water sulfates hasten and accelerate the ‘destruction. Possibly this is 
_ true—possibly it isn’t. What quantitative data exist to: support the hy pothe- 
sis? For ‘many years the writer has looked concrete—good, bad, and in- 
- different—not only in sea water but i in fresh water as well, and he can only say 
that his impression As | that the ‘deterioration is Substantially alike, allowance 
being made for the greater water movement and greater. mechanical destruc- 
tion along the seacoasts. i» ‘ollowing Mr. Hammond's reference t to them, the 
writer reread the articles!” by. Messrs. Wig and Ferguson published i — 
and he looked at the illustrations of these articles. . Then he looked through a i 


dozen or 80 volumes ¢ of t the Proceedings of the American Concrete Institute _ 
(A. .: 1), w hich have carried many @ paper a and report about durability of 
concrete, deterioration of concrete, frost-resistant concrete, etc., , principally 
‘illustrated with examples in the Great. Lakes region. For every W ig and 
_ Ferguson illustration of sea- water deterioration—reinforcement troubles ex- a 
‘cepted—he thought he found its counterpart illustration of structures around 
the Great La‘ces, far from the sulfates of of magnesium. To any one interested 
in seeing for himself, these several writings are commended.** _ Also, let ev ery . 
one who weuld make sea-water resistant concrete read a paper by R. B. Youn 
published in 1940. ‘presents recipe although not written with that 
4 Captain B n and Mr. adv: ance the view that the making 
proper conerete for sea-w rater use is a matter of and extreme 
for a slight departure from the established quantities is 
a fraught with dire consequences. If Ww water is kept to the minimum which place- 
a ment will permit, and if the cement content is not less than 1.50 bbl per eu yd, 
considerable fi fluctuations | ean occur w ithout ill effects. _ They are not a 
mended, of course, , but neither should they, be appalling: to es if 


News-Record, Vol. 79, Nos. 12, 14, 15, 16, 
_ 4b Correction for Transactions: In May, 1941, Proceedings, p. 919, line 9, change “1935” to ‘1917.’ 


See particularly illustrations in Proceedings, A. C. I., 1925, pp. 271-279; 1929, pp. 65 and 66; 1937, PP. 


Resistant Concrete,” toy R. B. Young, loe. it, , 1940, p. P. 
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all ‘the in support of the s sea- 


:3 Mix : 2 Mix 


A, Rad 
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Fre. 10.—V. ARIATIONS OF C3A-CoNnTENT; CEMENT AFTER Four IN SEA 


1938. He has seen these specimens with his own eyes and accepts the 
without is clearly demonstrated by immersion (notin some | 
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HADLEY ON CONCRETE IN SEA WATER 


other alkaline. w water but by immersion in sea water itself) the fact that pro- 7 
nounced differences in these specimens dev elop between cements of high and | 

low C,A-content. Figs. 9 9 and 10 are views of certain of Mr. | ‘Stanton’s typical 

specimens at the age of years. There i is no ‘question as to the way in which 
the test specimens have behaved. - However, Fig. 11 of pier 17 on the S an 7 
Francisco ‘waterfront, built in 1912, is highly relev ant to the conclusions: that 

7 4 are to be drawn from Mr. Stanton’s inv vestigations since it is built of that same — 
brand of cement used i in the tests which was fou found t to hi have 17.2 2 C;A-content , 


and to have the poorest ; resistance to sea water of. any of the cements tested. 
_ Despite this fact, , the piles of pier 17 7 are unaffected by sea water and ind the little 


"Inevitably the question arises: “So. what?” 
It is to be recognized bye ev one that the same name on a 
- does not mean the same identical cement from year | to year unless raw materials — 


manufacturing processes remain unchanged. . However, no change 


major consequence has: with this of re 


process today as it did i in n 1911 and 1912. Taw materials are more carefully 
_ proportioned, more finely ground, and are better controlled; the burning is , 
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tw that the of pier is the same 
that used in Mr. Stanton’s tests. ~ Other differences, therefore, must account 


for the extraordinary. ‘contrasts in behavior. These other differences are 
mediately apparent i in the and contrasting specimen struc- 


sought and w with 1 using sand of practically uniform 
size. the case of pier Ws a concrete mixture with its aggregate particles 


grading from fine to coarse was used. 


ee here are other differences also—those of shape, form, and size. AD -in. 
by. 4-in. -eylinder, although ‘a very ‘convenient laboratory specimen, resembles 


; oa nothing that is built in structures; on the contrary, it is quite unlike anything 
so built. How great these differences are is shown it in in are 


Sam. by 44n. 12.57 31.416 | 12.57 | 57.30 


* Curvature of edge and side, in degrees per inch. aR Bicker Ee Sata 


' and edge-to-volume (Col. 6) ratios. _ The little cylinder i is much more unfavor- 

a ably shaped than is the corresponding round pile or square pile section. The 

square pile more edge -length—usually chamfered—but has flat plane 


There is net only pier 17 at San Francisco in conflict with Mr. Stanton’s i 
| and others’ findings regarding C;A- -percentages. Mr. ‘Squire | records the 11% 


CA of the unaffected San Francisco Ferry Building substructure, which has 
been nearly 50 years in sea water. ' The cylinder s ubstructure of pier 38 at 
Francisco built in in a 1909, the base of the lighthouse o1 on 1 the San break-— 


em Yard at Bremerton, built in 1911 are all 30 or more years old, are all 
2: perfectly s sound and unaffected by sea water, although the cylinders of pier 38 4 


contain numerous ; honeycombed areas dating from their o original construction. 
They were built of that brand d of cement w which i in Mr. Stanton’s tests was found — 


to have 13. 2% © C;A-content. - Av erage analy ses of bin samples of this cement 
for the. years 1909 to 1913 ranged from a low of 14.5% toa high of 15. 9% C3A- a 
conten” Moreover Mr. Stanton advises that his Specimens n made with ‘high 
— C3A cement but with the ¢ graded Russian River sand still show ed no signs of 
attack after seven years of the same complete immersion in sea water that e 


so to the 2 specimens made with Ottawa Iti for these 


be noted the curvature (Col. 4), and surface- to-volume. (Col. | 
x = 
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q C;A- of cement for sea-w ater use. It certainly i is in 2-in. 
g by 4-in. cylinders made of Ottawa sand; but what further claims are (by evi- 

dence) warranted concerning it? The disparity between 2-i -in. by 4-in. cylinders 
and ordinary piles i is great, but how much greater is the disparity between 2-in. 
by 44 -in. cylinders a and 4-ft -eylinders, S-ft cylinders, small bridge piers, large 
bridge piers! The differences may become of wholly different orders of mag- 

= nitude. The matter of concern is the behavior of the structure and the Pro- 
‘Therefore distinctions which, 1 by process of magnification, are 
 — _Inade manifest in a laboratory appear to the writer to have little significance _ 
- unless they are also found in the prototype; and if they rev veal no effect in the - 
what practical importance attaches to them? 


ay’s detailed account of experiences with a large. pow pile 
job and of what was found on examination of a near- -by pile structure, 15 years 
old, is a valuable | one, in its boning: on the importance of trans- 


that the mere admission of sea fine cracks to the reinforcement ~ 
inevitably brings about progressive rusting of that reinforcement and cent 4 ; 
tion of the enclosing concrete. — If the concrete is (or was) of a lean, wet mix, = 
such very probably will be the result; if the concrete was not lean and not w wet, 7 

_ nothing of the sort will happen. . ™ miles west of Olympia, Wash., in 1920 J 


a small concrete bridge was built across the head of Mud Bay, the southern A 
most tip of Sound. columns of the bents were in place. 


corners of these paleiesin drift logs have broken off the concrete, exposing the 
main vertical reinforcing bars for several. inches. These exposed lengths, —'e 
q course, are heavily rusted; but no progressive rusting lengthwise along the bars | 
or splitting of the concrete has ever resulted. The rust formed to the edges — 
te the concrete and stopped eek The writer makes this statement with the 7 


fracture. this | admission of sea water through 
least fine ‘shrinkage crack means doom and ell, it means 


An interesting case se showing the effect of too much wi water is ‘is in San Fran- 


bars ‘occurred in a large pile job, necessitating rather difficult er extensive a 

3 repairs. The piles, as as is almost alw ays the case, were cast in a horizontal posi- 
tion. of ‘their sides were poured. against f their top were 


‘side. ° “Water gain’ ’—a fine film of water on the porn side of the top a 
- tudinal bars, which water film later left an equally | fine void space | wherein rust 
could form and progress—appears to be the explanation. of this case. ‘Bond 


tests by H. Gilkey, M. Am. Soc. C. E., 8. J. Chamberlin, Assoc. M. An. 
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‘HADLEY ON CONCRETE IN SEA WATER 


Soe. G. E., and R. W. Beal*’ and by Carl A. Menzel"* w strikingly 

of casting position—' “orientation.” It is also worth r recording here that the | 

very and widely celebrated early with | concrete 


continuously or how is 


Paxson’ comments on sea-water conerete the Oregon coast are 

a appreciated. His observation that concrete in deep water shows less deteriora- a 

tion than that on the shore where abrasive and scouring action oceurs is is highly © re 

s significant and amusing as well: ‘The more completely the sulfates of magnesium sy J 
surround the concrete the freer it is from deterioration. 

lid, To Mr. Hammond the w Titer would refer his preceding discussion of Mr. 7 

Stanton’ s tests. He would question Mr. Hammond’s statement that Messrs. 

Tee Wig and Ferguson ‘ ‘demonstrated” that chemical action was noted all along 


papers published i in 1917 reveal that they found 
7 nsiderable amount of deteriorated concrete. = The interpretation they placed am 
Me - up on it was that the deterioration resulted from sulfate attack. Presumably a 
they examined all of the old concrete structures show n or referred to by the 
writer since they state*® that their examination had been made i in the preceding — 
2) years and that they had made “ personal examination of nearly « ev ery ‘concrete 
{marine] structure * * * in the e United § States.” Nevertheless, having reread 
their papers, the writer. ‘cannot see that they “demonstrated” ’ sulfate attack ‘Seg 
They attributed the deterioration to sulfate attack. it would be very inter an 
_ ing, however, to see how w ell their theory of immunity to sea- water attac ko 

on achieved by the formation of lime carbonate near the outer surfaces of the con- [ 
crete would be ‘sustained by little 2 2-in in. by 4-in. Ottawa sand specimens that = 
were given proper initial curing followed by generous | air curing, and what, 
these ci ‘circumstances of varying CsA would be. 


then ‘with a ‘hoze; how ¢ 
ao not revealed by the photographs. Ment 


hele 


= 


in New Vek Harbor, is very interesting Regarding the ‘continuously — 
; submerged parts of concrete structures that cannot readily be examined, it is ie, 
said that little or no question ever been raised about them. it 
to be the general experience that this concrete does 
- When the piers of the Seaside Bridge | of the U nion Pacific Railroad were re- a 


oh moved from Cerritos Channel, Los Angeles Harbor, in 1934, after 26 years of e ; 


immersion, | they were found to be wholly unaffected. They were built of a 
14:3: 5 mix, not 1:3:5asso frequently and so unfortunately has been done 
in the past. — “Not a b . bad Spot in in them,” declared the > superintendent | of Merritt- 


Chapman-8 Scott Corporation who. took them out. The concrete 
: from the piers | certainly confirmed this s statement. — When the old bridge at 


‘the: site of the new Purdy Pierce County, W taken out, 


_ “Bond Between Concrete and Steel,’’ by H. J. Gilkey, 8. J. Chambéciin, and | R. .W. Beal, Bulletin — 
147, Eng. Experiment Station, Iowa State College, Ames, Iowa, 1940. 


Proceedings, A. C. I., 1939, p. 517. per 20,1017, 
39 Engineering News-Record, September 20, 1917, p. 
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ON CONCRETE ‘SBA WA ATER 
Temov ed completely. Its concrete was found to be in 
condition and its reinforcement clean and without rust. 
pia rigor of Mr. . Csanyi’s s refutation of the writer’s contention is Sie Oa J 
and abated by the fact that his s studies, experiments, and conclusions are ee. 
not on behavior of test specimens in sea water but on their behavior in a 43% % = ; 
‘solution of Epsom salts. lt would appear to the writer that they are highly 
relevant to concrete that is to be given such exposure, but that the relationship: 


a 


Epsom salts to sea W rater has been established. Pend- 


Professor Wil brief discussion i is ith ‘numerous Re- 

pee chemical analyses, the s subsequent discussion of two subjects referred — 

|3 to by Mr. Squire will be pertinent. _ As to Professor Williams’ statement that a a 
a “Rich concrete mixtures may fail by cracking without: prior indication of sur- _ 
.- swelling, spalling, or disruptions,” the writer would inquire if he (Professor — - 
Williams) has ever seen this happen with rich concrete mixtures, not in other ae 

| = w aters, but in sea w ater. If he has, it is to be hoped that full par- ‘Sank 

_ ticulars may be reported, for assuredly i it is a highly unusual, not to say unique, 

. occurrence, the like of which has not come under the writer’s observation. The Bes 
terms dense and impermeable in the paper were not used academically but as_ 
are commonly employed. The Ww riter disclaims any responsibility for 
_ establishing the criteria by which the sulfate attack of sea water upon concrete 

iss supposed to idence itself. Messrs. . Atw ood and Johnson? quoted E E. 
lot who attributes the s water sulfate attack theory and its supposed -mani- 
 festations to L. J. Vieat. The w riter merely a assumed (see heading “The 
--vailing View »wpoint”’) that if the theory were vs valid the evidences of the attack Es 
should be discoverable. The paper purports to be no more than an unequivocal — 


- statement that such evidence i is not to be found along the Pacific Coast and a 
re ~—ee of w what deterioration i is to be found. eid Also, it was stated at the. outset: 


other is , concerned” (see “Tntroduction”). 
7 s yas not without knowledge of of much ‘to the contrary that i has been published — 
fs earlier that this | poeee was W ritten. Despite that knowledge, it was written, 
Mr. Squire: raises al of points. One of these concerns the § San 1 Pedro 
@ breakwater specimens referred to in the ‘paper, the « cutting of cores from w ie a 
‘Fy - and the saturated condition | of the interior concrete of which, on the basis of — 
his ‘ “visual” and therefore, by his stern standards, very inspection 
only, are attested to by Mr. Squire. What the result of t the Bureau of Stand-— 
+ ards’ tests and analys ses ‘might be was naturally an interesting question. “The 
3 blocks gave every outward evidence of being all right but were they so in full 
reality? “Gilded tombs do worms enfold.” ” One of Mr. Squire’s fellow citi- $ 
reali in the Bay region who had read the magazine article cited'® wrote to the 
oe 8. . Engineer office at Los Angeles and duly received a reply concerning the © 
ss 29“ The Disintegration of Cement in Sea Water,” by William G. Atwood, M. Am. Soc. C. E., 
Arthur A. Johnson, Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), 205. 
Western Construction News, June 25, 1932, p. 367. 
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When the writer made personal i inquiry at that wasshown 
ip oo a copy of this letter, w which was quite in accord with other information he had | 
Ps receiv ed. There was nothing about the findings to make them of a confidential | 
nature, and there > appears to be no good reason why they should not be sum- 


ie Bureau of Standards felt that the tests w were inconclusive, principally. 
because the cores were of small diameter (3 in.) . Tests were made of eleven 
 cores—five of 1:2 74 mix and 6 of 1:3:6 mix. Six brands of cement had 


ey been used—three European and three American. Ther ‘maximum size of aggre- ; 
gate was 2 in. . The cores were sawed into cylinders, 3 in. high, which were 
first tested for pooignty and then analyzed d chemically . Strengths varied widely. 


alues with the 1:2:4 mix from 6,650 to 3,110 Ib alues 


the low and erratic values were readily accounted for by the varying 


= a position and size of the coarse aggregate particles in the cores. It did not 


attempt to how, after 27 years in zone by 


cores, the other three being i in 3 : 6 mix cores. were Six 
fs the former and nine of the latter. The tests were to determine e percentages a 
magnesia, sulfuric anhydride, seid chlorine. Chemical analyses were stated =e 
to be inconclusive because of inability | to secure representative samples from bee 
the small quantity of material in the cores. The samples of 1: 2:4 


showed a a 74% increase in magnesia content accompanied by a 


is disintegrating, The: samples of 1: : 6 concrete showed a 358% in increase in | 
MgO accompanied by a 51% i increase in SOs. In considering the numerical ey, 
magnitude of these percentages it must not be overlooked that they are per- — 


centages of original very small quantities. — Regarding the samples of two of the - 
cements used in the 1: 3:6 mix specimens report stated: “W hile 
B-1 and B- 4 would seem to indicate ‘that some magnesia from sea water has: =a 
replaced part of the original lime of the cement, this fact m may be solely one due — 
to the e question of sampling. — There apparently has been no increase in the ol 


: content, which is what should accompany this disintegration.’ ” The view was 
ee (let borers of cores and takers of small samples give — _ 2 to 

3 cu ft of material were » needed to make a satisfactory Re er: et fee 
3 MD Inasmuch as there was no definite evidence of physical or c salle habeas 


oration—which i is entirely in accord with the many referred to— 


|) 


* 
* the writer feels quite warranted in stating that there was “no ) evidence of sulfate is 
magnesium attack.” ” He feels confidence in ‘ “what is going on under 
ae outer skin of concrete” if this ‘ “outer skin” itself withstands scrutiny. Boilan: 
Mr. Squire introduces ovidenes: of concrete in sea water in Europe by ial : 
— to Russian tests in the waters of the Baltic Sea at Libau, together with bo 


a choice quotation from the report?” concerning them: “* * * slowly perhaps, ~ fei 


Proceedings, for Testing Materials, 6th New York, Be 


1912, Second 4 
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that the San Pedro blocks were “an almost. replica” 
a the Russian blocks. Thanks to the reference, the report on the tests was 
2 obtained and read. _ The a of, and additional quotations from, it are 
Tests were made in June July, 1905. Eight test blocks—four masonry 
and four concrete—w ere sunk in 1891 and 1892. The concrete blocks mea- 
sured 6 ft by 6 ft by 10 ft. _ The concrete m mix, by: Vv volume, 5 measured separately, 4 
was: 1.0 Portland cement, 2 sand, 1.5 gravel, and 4. 6 “rubble stone” ’—that 
1 part of cement to 8.6 parts aggregate, measured separately. ‘ ‘Rubble 
stone’ was stated to be granite “in pieces 10 to 14 cubic inches”’- —in other 


greater part of the Portland cement from Russian 
foreign cement was also used, but no chemical analysis was made. * —S 


ey 


their No. 15, was set on the breakw with its 


bottom at ater surface. Incidentally, ‘the Baltic i is tideless, and the inflow 
, - of fresh water from numerous rivers exceeds evaporation: ‘ee 
* hence an _enormous surplus must got, rid 
flowing current which is named the ‘Baltic 


Wen orw ay coasts even as far as North ill 


= 


rvation” but with various defects: hite« exudations,’ liquefied: mortar,” 
‘w hite liquid from deteriorated mortar” in seams and cavities, etc. 


‘As a the cements used, slag, Portland, and quartzose 

 &T he physical tests having given but indifferent results in regard es. 
the determination of the change which the mortar undergoes in the blocks, _ 
chemical analysis of the various kinds of mortar was made. ax 
“The analysis made afforded bases for the following conclusions: If 
ay after the determination of the principal elements * * * of the mortar 
anal tested and after elimination of the elements proceeding from the Libau — 
results be compared with the elements forming the 
__ used (Portland, slag, and quartzose cements) it is easy to ascertain the 
Be pg to which the elements forming t the cements have undergone varia- 
a y " «* * * The transformation was characterized principally by the ied: 
ae of the lime * * * and by the absorption of the oxide of magnesia and of © 
the sulphuric acid contained in the seawater” ” (refer to Le ne, 
“The same tables show that the calculated proportion in weight of 
and iron oxide exceeds i in some instances the proportion of the 
‘ _ same elements which were in the cements used in making these mortars. _ 
This i is probably the case because the average composition of the Libau 
sand reckoned upon does not always compare completely with the composi- > 
Gj tion of the sand 5 aomaee used. The Libau sand has in fact but little — 
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ON | CONCRETE IN Discussions 


homogeneity. The al ses of five oun ed the amount 
in weight of Al,O; and FeO; to vary within very wide limits viz. from 


ar 0.10 to 0.70 percent. This is due to the presence of particles of earth and ; 
s - clay; these are found especially w hen the sand is taken in quarries oh Z. 


one It should be remarked also. that although in the mortar made with 
--- quartzose cement the quantity of Portland cement was half that in the 
mortar made with Portland cement, , the chemical analyses of the mortar 
made with quartzose cement was 1 ‘not inferior to that of the Portland ce-_ 
fact, nevertheless, was the. process of deterioration 
had already commenced and that it progressed, slowly perhaps, but none = 
. he less surely in the case of the mortars considered.” 


There appears to be little need for comment } on the , preceding testimony. 
The e specimens were made 5 50 years: ago, and the control conditions | were “— 


those regarded as necessary today; but as an instance of the highly ated a 
European practise and experience the reference has its interest. . One further 


matter has its interest also. The English magazine “ Port and Harbour 
Authority,” for June, 1941, reprinted the present paper in its entirety with 


editoris il comment. . Some o of this editorial comment was to the effect that here Bh 
q vas surprising news: Concrete in sea water: in America that had not deterio- 


rated! True, it did generally deteriorate in sea W ater in Britain, but 
a Je practically all they had ever heard of sea-water concrete in America was that it 


_ deteriorated and “went to pot.” we _ Apparently while they were receiving such 


7 2 information from this side of the Atlantic, Americans in . turn were hearing of the ; 


superior and long-established European practise that would not think of <a 
Portland cement in sea water without treatment Or process — of “some kind or 


other. | OW hat in current slang i is called “the run- -around”’ seems to have pre- 


After so much disagreement. with Mr. Squire, it is ‘a 1 pleasure to concur with > 


_* about the case of the F ord Motor ‘Company Plant at Long Beach (except i 
minor detail) and to age 1in express warm and sincere admiration | for Mr 


Russell’ ork i in testing in connection with. it. This is the case the w 


referred to under the heading * “Unsound Materials.” ”  Itis undoubtedly. the one 


Blackman refers to in his | discussion. Ita appears to be shown 


= 
concrete used i in the piles Mr. Squire’ as ‘ “good con- 


crete” in every I respect, except that all unwittingly the unsound ag; aggregate Ww vas P 


incorporated i in it. Thereupon’ it ceased to be “good. for Squire’ 


“ce 


“chemical reactions caused by the sea w ater, ” the w riter would gladly subscribe 


“to them | while directing attention to Mr. Russell’s demonstration, previously 
cited, of the “ chemical reactions caused | by the sea wal ater” "upon this aggregate 


i all alone ‘and without a any y cement present Ww hile the reactions were in progress. — 


seems scarcely necessary t to speculate u upon the effects of the addition of 
It is a not. uninteresting fact that while this trouble was occurring at Long aa 
_ Beach the I Ford plants at Richmond, Calif. (on San Francisco Bay), and at 
Seattle, Wash. (in the strongly saline waters at the mouth of the Duwamish 7 
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“pom to slit the | pile from low tide to its top, rather than to‘ ‘protect a 
concrete under water. ” This latter protection is incidental to the manu-— 
ss. If this belief is correct, it is probably more fitting to so 


ith his friesida, Cap Captain Blackman and Mr. Squire, t the writer 
“some ‘iting | in the past. this occasion “may he differ with 
Captain Blackman regarding the seniber of Portland cement ‘Structures north 

of 8 San Francisco by saying that, although most large structures are in the south, 
there is a wealth of lesser structures in the north—bridge piers, pile trestles, cea oa 
walls, culverts, outfall sewers, etc. , together with a considerable number Sek 7 
larger ' works. x It is not necessary to build a cathedral to have fine architecture 
rev eal itself. ‘ ‘Neither i is it t necessary to have a 1,000-ft long pier to determine 4 


writer is is made h happy by Captain Blackman’ 8 statement that deteriora- 


fet tion of concrete in sea water by the action of sulfate of magnesium is generally 
considered as secondary by engineers engaged in harbor w ork. a Iti is hoped | that 


- Captain Blackman reads Mr. Way’s discussion, particularly those parts dealing 


with the concrete pile jobs, cracks, etc. It is believed that the little bridge near — 

Olympia, with certain parts of | of its reinforcing steel exposed, may also yield him 
should the hazards to which -unimpregnated concrete piles. are subject 
refers to the p recommended by the 

Cement Association”® and more recently by the 1940 Joint Committee 


a Report.“ “2 Although 1 this i is needed cover with some kinds of concrete, it is i not fs 
an unmixed blessing, a: as Captain Blackman knows full well, particularly as as it aie a 


affects the Ww eight of a , slender ‘reinforced member subject to bending both a “= 


installation and in n subsequent service. The: writer is of the opinion that the 


‘suggestion of J. H. W asson® advanced in 1929 that the tops of piles. coming — 


abov e low tide be be made of ofa particularly good quality of ‘concrete would w arrant 


the omission of € extra cover . As a matter of fact, it i is doubtful in v iew ¢ of the 


performance of the 1918 ships and barges, with their limited cover over rein- 
_ forcement, w hether with | richer mixes 3 in. of cover is not a w holly “unnecessary — 


precaution. Furthermore it would: appear that the new ly dev eloped vacuum 
a process ‘might have very valuable application in the field of concrete piles in 


Ag 


improving the density of the surface concrete and i in permitting the reduction = 
f cover over reinforcing bars to 1 13 i 

cover over rein orcing ars to 1 or 1} in. 
Captain Blackman delicately re refers to special sulfate resisting cements. 7" He 
states that he c chemists of cement companies h have been endeav oring tofind 

a a remedy for attacks on cement concrete exposed to sea water and sea air. 
is, or has been, true. Without knowing the exact basis of == 
29 “Concrete Piles,’ Portland Cement Assn., November, 1939, 


42 Proceedings, Am. Soc. C. E. June, 2. 
4 Proceedings, A. C. I., 1929, p. 760.00 
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ADLEY oN IN SEA waren 


time 

, , in sea w water, and about all calamitous, ‘inevitable things that befall concrete in _ Probably 

not piles. Fig. 3 is a view wal part of its substructure. Considering 
a o the diagonal bracing shown in | Fig. 3, it is very unlikely that any W ould i 4) ake 

“it was on piles, but they do, may this statement set them right. do wit! 

ot ha ‘The | e 

Considering Captain Blackman’ s familiarity with the North V aucouver high-silics 

ce Fe erry ‘Pier, it we as amazing: to the w riter to read his “statements regarding cement. — 

Burrard Inlet, Vancouver’s magnificent landlocked harbor which, with its north between t 

: a sm slower r th 

 qrecks or little rivers flow into it the mountains on the north side. The with a pu 

of these, the River, has its greatly reduced by t the use concrete t 

; ‘believed t 

buill 

of sea water passing in and out a the harbor with every ptoreniad tide (the |  Mr.R 

tides average 12 ft), the inflow of fresh water is insignificant indeed. The of 

_ harbor authorities report a salinity of harbor w: ater of 1,023 compared ¥ with me, ” 

1,026 for ocean w ater and 1 ,000 for fresh water. ~ Consequently “upstream and nis. 

downstream from the ferry wharf, ” although a fanciful whimsy, seems" more ae 

-Teminiscent of Captain Blackman’s old home at New Westminster, British Ba 

Columbia, on the Fraser Riv er than applicable to Harbor. The 

fact i , Is that, unimpregnated though it be, the North’ Vancouver Ferry Pier is a a 

very fine, very successful little sea-water structure now aged 32 y rears. Across  Thisi is on 

the harbor on the city side, where no streams discharge, _ the G reat Northern | & there does 

Pier built in 1913, the B: ne Pier built in 1923, the Canadian Pacific Pier Mr. ‘Righ 

B and other structures ar are free from. ¢ deterioration and 


sea-water 
Mr. Jack’s suggestion that sea water may “speed | the | perform s 
” the part c of this presents the w vriter’ 8 ‘opinion. Jack’ not be ‘sat 


Ww writer see 


correct, without the writer’s knowledge « of how the deficiencies may resist 
overcome. For many uses it would also_ be desirable to have cement and obtained. 


concrete of half their ' present weight. To have definite control over the time of ‘In 192 


set appears to the writer to be particularly desir able for sea-water concrete. ‘concrete i i 
Certain of Mr. Freudenthal’s points and objections have been answered pre 

viously. - His stated experience with aluminous cements in sea water | is not 
confirmed locally. The | pier at the Puget Sound Navy Yard, in Bremerton, wale 
Vy Wash., as is n now (1941) 15 years old, and its cyl nders built with high alumina $ ‘prisms, ‘12 


4 
fy leita di are, e, after 15 y years in sea water, in n absolutely perfect condition. © On the 7 New Bru 


4“ Engineering News-Record, May 24, 1923, p.908. 
Loc. cit., December 16, 1926, p .984. 
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” 


other hand the writer heard of some bridge i in Chesapeake Bay built about the 
ame time with this s same ty pe of cement whose piers disintegrated very quickly. ” 
Probably. this was not in. any way , due to the sea water but rather to inadequate hi 
provision for the | dissipation of the large quantities: of heat gen rated in this 
sement’s setting "process. Seattle has quite a number of street pavement 
patches made with high alumina cement. Some of the early ones crumbled and > 
broke up. After it was learned that such patches had to be continuously “a 
sprinkled or ponded all trouble en nded. _ It is obvious that sea water hed moning £ 
to do with these street pavement failures. 
effect” of. -puzzolanics is speculated upon by The 
south main pier of the Golden Gate Bridge at San | Francisco was built with ¢ a i a 
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cement. Perhaps some time i in a the: future distinct: differences will be. observed tee “4 
between them, although, as Mr. Paxson notes, in deep water changes a are much i a 
slower than at the shore. Bonneville Dam on the Columbia River ¥ was built 

with a puzzolanic cement. It was completed i in 1937. The resistance of . 


concrete to abrasion and cavitation has not been wholly satisfactory, but it e 
believ ed that the number of shrinkage cracks in the dam are fewer than if it had 
been built with Portland cement, a very comforting thought. 
Mr. Rights’ discussion lacks sufficient detail to permit much comment on the 
failure of the railroad test piers he describes. The size and shape of these 
“piers,” ’ the cement content of their concrete, and the exact character of the 
change that i is beginning | to manifest itself i ‘in the ‘Temaining pier (described by ae 
the words “beginning to disintegrate”) are either not stated or are indefinite. oh: me 
The year the test was initiated (1925) suggests the possibility that the ‘ “quick- — ee ¥ 


setting high- strength cement” referred to by Mr. ‘Rights may have been the Mel, 


same as that used in the Seattle street pavement patches previously mentioned. — 
‘There i is no 10 question, that, frost adds greatly to the sev severity the 
sea- water exposure, and it may be that concrete of a quality that would % 
writer sees no reason for believing that unfaced concrete of a quality adequate 
to resist the sea-water exposure under freezing conditions | cannot be readily — < 
howev er. Nevertheless it is comparable | to the estuary ¢ cited by Mr. 
Rights. It be interesting to know present condition of this 


This is only conjectural on the writer’s part, however. Undertheseconditions = E 
there does not appear to be much basis for comment on the failure referred to by C a Me 

perform satisfactorily i in sea water where freezing conditions are absent would : 
not be satisfactory where freezing conditions prevail ail. On the other ‘hand, the — i 

In 1923 Meyer Hirsehthal,"” M. Am. Soc. C. E. , reported sound 16-yr old 
concrete in in a wall at Hoboken, N. J. The? North | River i is not heavily saline, s 


write 12 in. square and about 8 ft ‘ai set in the tidal zone at Saint iden, ie 
New Brunswick, 1913. Freezing conditions at ‘Saint John 


“ Engineering News-Record, January 1 17, 1924, 127, 
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HADLEY ON CONCRETE IN SEA WaT 


of 1 :3:5 mix, gravel and “fairly Ww mix”) w as reported to | be 


en tirely disintegrated.’ The mortar surface had and the specimen 


was in broken. pieces. The other specimen, of 1 : 2: 4 mix, crushed rock coarse 


aggregate, and of * ‘about 2-3 slump,” was eon to ers only slight wear 

It is to be hoped that a fu a further 1 report may sometime be made e regarding the oot, 
_ _ Aberthaw tests of unfaced concrete specimens placed in in sea water in 1909 at a 


: a U. S. Navy Yard at Charlestown, Mass. - The last published report was - 


in 1920. oh: 1940 the writer sought ‘additional information regarding them, 
- learned that twelve specimens of the original tw enty-four still remained, and 
was unable to learn any thing more. . Since ‘a very good record oft the manu-_ 
- facture of these pile s specimens exists, it is to be hoped that their condition can 
be reported. - They are now y (1941) over 30 years old and have a background of 


A experience e that will not be available to test specimens made today until thirty 


4 


Granite facings are both admirable costly. So far as ‘the walls shown | 
veo 
ee. in Figs. 2 and 4 are concerned, a solution to their troubles, simpler and less" ae im 


expensive than granite, would ha been to have changed the careless 
struction practises plainly ev evident in them. | There is plenty of unaffected 
concrete in the tidal zone in both of these views to oe ‘the nature and 


cause of the deterioration oa The wall on on the right side of Fi ig. 2, starting at the 


oO 
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There is no or ice or ‘unusual condition of abrasion to be 
about at present, but if the glacial ever returns piers are foresightedly 
The Dallas: Road sea all ‘at Victoria, listed in the paper as built in 1911 
s a belt course of granite 2 or 3 ft high at the beach line, which has un- : 
+ doubtedly been helpful in protecting the concrete from abrasion. © These are on 
~ the only Pacific Coast uses of granite facing | on concrete that the w riter can 
think of, although there are quite numerous cases where concrete structures - 


ae 


have had d granite or or other stone b blocks dumped loosely around and against them. r 
Granite of good quality, of course, is one of ‘the finest and most. resistant 
of construction that there is, the writer w ould d say nothing to 
impugn it. a necessity for the préervation | of concrete in the tidal | zone, 
_ however, he entertains what he at least would call reasonable doubts concerning bs: a 
it. According to reports reaching him, a certain resin either interground with 
1e cement, or introduced into the ‘concrete as. an admixture, giv ves most 
interesting promise of being a substitute for granite facings when the urgefor 
special treatment in the tidal zone is strong upon 
—Tosum up, the situation appears to be this: 77 The sea water exposure is avery 4 7 
sev ‘It has been sufficiently demonstrated that concrete can be made 
evere one. y e made 
which will give a highly unsatisfactory performance in sea water. ndoubtedly 
- t bad concrete can be made with any brand of cement and with a wide e variety of - i 
f 
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HADLEY ON CONCRETE 1 ‘SEA WA WATER 


The concrete i: is, in al, charac- 


= too little care in are the chief causes of 
trouble. Poor aggregate is sometimes a further contributing. cause. the 
— other hand there are a large number of concrete structures of considerable agein | i ‘a 
sea water which are substantially free from deterioration or any ev ‘idence of sea- 
he ater attack. . These have been made with n many y different cements, differing yo 
widely composition and in percentage of tricalcium aluminate. his 
immunity occurs with, and is , characterized by, concrete of dense, impermeable _ 
structure. There is no sea-water deterioration to be found, other than that due 
rusting ‘of reinforcement, | that is distinctly different from fresh-w ater 
deterioration. There is no peculiar sulfate attack. F or these reasons | it ap- 


pears to be highly important to use fairly rich mixtures, minimum mixing — 
> water consistent with good placement, care in placement, and all reasonable — - 


measures which result in density and | impermeability Special safeguards 


against sulfate attack can be r reserv ved for use where they ar are needed—that is is, 

Toa all who contributed the writer w express ; his thanks and 
“his hope that all differences of f view : are dispassionate and impersonal. 
reporting of various experiences | comes increased and better 
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SOCIETY ENGINEERS 


DISCUSSIONS 


VENTION PROGRAM, 


wae, 


Discussion | a 


o. . Am. Soc. C. E. 

M. Au. C. E. (by letter). 77_In addition to the formal 

written discussions of | this paper, certain phases | have b been discussed i in con- 
-versation by correspondence with other engineers. The w riter was 

7 familiar with the subject and qualified to express their opinions, o In general, 
ae 2 he: agrees with most of them, but in some instances questions will be; answered, i 
the text clarified, or explanations made. 
contribution by Mr. McHenry is and valuable to the general 
te discussion regarding flexible detail specifications for a successful crack pre- 
Pe vention program; the use of low-heat cement and temperature studies; the use — 
of thin concrete lifts during construction, based | upon | theoretical studies of 

oe temperature ‘distribution and resulting | stresses; ; the comparative value of the : 
item of low casting temperatures; the relative value of cooling the concrete, in| 

place artificially by embedded water pipes; and the balancing of the saving in 
against the cost of the crack prevention program. 
The writer agrees with Mr. McHenry that the paper would have lost none 

- its value or interest had it included more of the discussion or reasoning that — 
— to the adoption of certain procedures and the rejection of others, together ‘ 
a with 2 a final valuation of the effectiveness of the various items listed in the 
se schedule; but such data are so numerous and 1 formidable (as expressed 
subsequently by Mr. McHenry) that time and ‘space would not permit the 
inclusion of all of them. - The i items enumerated in the second paragraph of © 

‘toe Mr . McHenry’ 8 discussion were considered by the engineers ¢ of the TVA in 
with the crack prevention program as adopted. 
Although it may be admitted that the pre-cooling o of the mixing water 
as as effective as had been hoped, the writer cannot agree with Mr. McHenry 
ae ee Notse.—This paper by O. Laurgaard, M. Am. Soc. C. E., was published in March, 1941, Proceedings. 
Disoussion on this paper has appeared in Proceedings, as follows: 1941, by Messrs. Douglas 
McHenry, Reginald H. Thomson, and W. R. Waugh. 
17Cons. Engr., Railway Exchange Bldg., Portland, Ore. 

™ the November 17, 1941. 
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December, 1 AURGAARD ON CRACK PREVENTION PROGRAM 


: that this item was not as justifiable in proportion to cost as the other items. 
From Table 5 it may br be seen that for the five months from May to September, © 


~ inclusive, in 1939, for shift es! , the air had an a average temperature of 80.2°, _ 


the cement 100°, the river water 74.4°, the cooled mixing water 42.4°, and the 
concrete placing temperature 72.2°. It will be noted that for June, 1939, for — 

; 8 a five-day period when the water was not artificially cooled for the same shift, " : 
- average temperatures \ were: Air 83°, cement 107°, river water 75°, and the a 
| casting temperature Thus it will be noted that the c: casting 
perature of the concrete for June, 1939, was reduced about 9°. In the paper it 
as us stated (see' heading “ ashing, Binding, ond Cooling the Aggregate’) 
that “The effective reduction i in concrete placing temperature by refrigerating — 

the wining about course, it must be admitted that, if 

temperature been reduced another 2 which would have 

justifiable. . The pre-cooling of the mixing: water at Hiwassee Dam was 
an and was not effective until September, 1938. An old refrigerating — 

plant that was ; available was installed so the minimum ‘temperature | for the a 

mixing water. was set at 35° or 36° to prev ent i the freezing o of the ‘pipes. fb) In «in 

ease 2 of a slow placing schedule, something less than 1 ft per day as was adopted an 

for Hiwassee Dam, the advantage gained by pre-cooling may be lost toa limited 

‘a The writer agrees with Mr. McHenry in regard to cooling the concrete in a 
place artificially. _ He advocated the placement of cooling pipes and the cir- | 

culation of cool water through the concrete of the dam before construction was - 

begun, but this plan was not adopted by those in higher authority. The 

-embedment of cooling pipes i in local regions to reduce cracking, maintain un uni- 
form volume, and | for other purposes resulted, and was fully justified by the 

The comparison of costs, as made by Mr. McHenry, between ee Pe 


artificial cooling of the co concrete in the dam and the combined cost of thin cast- 
ing lifts, low casting temperatures, cooling g the aggregate, and local cooling, is- 
a interesting . The estimates made > by the writer for ‘plant and operation and for 
embedding occiiia pipes w were about 17¢ to 18¢ per cu su yd, , which is higher than. 
the cost of 14.4¢ at Grand Coulee Dam, primarily on account of the smaller 
— and the remoteness of the work. Pre-cooling the mixing water in 
—- mn with artificial cooling of the concrete in place w would be much more 
effective because the low casting temperature would educe the | ort a 
‘ 


— 


> 


during the early setting : stage, and the | circulation of cool water would 


fa] 


‘The discussion by] “Mr. Thomson is is of great interest and of opened value 
concerning: The increasing care and concern to those in 1 charge of concrete ‘ 


dams; the heavy maintenance and repairs: of poorly constructed dams; the dis- . 


“a ‘tribution of cement in the dam and its relation to heat, contraction, and ex 
pansion; the destructive effect of water and exp exposure; the danger « of excessive 


_ use af of water; the use | of thin casting lifts; the use of diagonal keyways; and the f 


Ww riter’s interpretation of the tables with the 


Be itd 
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LAURGAARD ON CRACK PREVENTION PROGRAM Discussions 


_ To answer the i inquiry of Mr. Thomson concerning the use of 10-ft lifts 


— with com complete artificial cooling, several assumptions must be aes If the 
costs of thin casting lifts, low casting 


cost of the crack prevention program, and the four retained, 
- savings could be made in addition to the cleanup of the } pours. if the cleanup 
should be > made at the same cost as at Hiwassee Dam (6¢ per sq. ft) and “esd 
cost of circulating ‘cooling water is placed at 17¢ per cu yd (as estimated i in 
this discussion), { then the cost of the crack prevention program using -10-ft 
‘lifts would be about 21¢ per cu yd compared with 26.5¢ at Hiwassee Dam. In ‘ 
the: judgment of the writer the use of 10-ft lifts with the foregoing program 
would not be as effective for crack prevention as that used at Hiw assee Dam; + 
and in addition other factors should be considered also. “eae *) 


_ Mr. Thomson refers to tests made to. determine the effect of grinding in the — 
xers, and desires to know the p purpose of the tests. They ‘were made to 
determine the grading of the aggregate in the concrete after the mixing, in F 
= that the engineers could make the necessary changes and adjustments 
o the grading of the aggregate as it was fed into the mixers. It was dis- 

Pretend early that: the e graywacke rock was inclined to break down in the 
2 _ mixers and produce a an excess of fine material. _ The grinding of the aggregate . 

Ey the mixers, including the tests made and conclusions drawn, is important 

and could easily be. made the subject’ of a paper, , so time and space will not 
complete discussion in great detail. writer feels, how wever, that a 


_ brief résumé may be. of interest. ae The rock and sand seemed to break down nto 


‘grab”’ samples 100 to 125 lb) were taken from the concrete at the 
mixer discharge, which w ere wet-screened to give an average grading from the | 
mixer, | and were ‘compared \ with the average theoretical grading going into ot 


mixer, 7 The tests indicated a large increase in the — 100-mesh material, 
this size w was reduced from 16% to 12% in 1 the finished sand by wet classifying. 
- These small tests show ed increases in the — 100 fines from 100% t to 200% 
‘The tests also showed an increase of the material between 28-mesh and 100- 
~ mesh during the mixing, which suggested | a reduction of the quantity of sand. 
sit may be noted i in passing that no precedent was available as a guide to de- 
_ termine the most desirable grading or to make adjustments to compensate for 
a the grinding. | i om was found that other aggregate material, which was s believ ed 


a t order | to obtain more reliable. data than those from the small “grab” 


‘ ip: ae samples, it was decided to analyze some full 2}-cu-yd batches. — In the test 


a5 batches it was necessary to omit the cement baneaien the time for wet- screening 
8 batch of that size was about a week | for several men. | In place of t the cement, 
° ale 100-mesh classifier fines were substituted by absolute volume in | order to 
po simulate as nearly ; as possible the mixing action when cement was used. Six 


es me. 23-cu- yd batches ' were analyzed, three of which were charged and mixed for 


s min al the regular manner and three of which were charged on what was 


lect | 
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December, LAURGAARD ON CRACK PREVENTION PROGRAM 
4 designated a ‘ a “split batch” charging, and. mixed for. a total o of 2k ‘min, The 
“split batch” -eycle was s charged in two parts: First, the water, ‘cement (or 
— 100-mesh fine substitution), sand, and two smaller sizes of rock were charged ~ 
oe the mixer and mixed for 13 min; and second, the coarse rock and cobbles 7 
were charged, and mixing continued for another 1{ min. The objective, of of 
co ourse, was to reduce the amount of grinding, s since the grinding, it was as- 
‘sumed, was largely a result of “ball mill” action with the coarse aggregate 
“grinding thesand. This method of charging and mixing was adopted for “‘face”’_ 
concrete after July 17, 1939. Changes i in grading of the coarse ‘egeregate— 
- particularly co cobbles, coarse e rock, and r medium rock—w ere small. . The amount — 


material larger than 4-mesh_ changed only slightly after n mixing, anda com- 


ae of these amounts (see Table 10) indicates that very little material i is 
ABLE 10.—Comparison oF AGGREGATE GRADING FOR M ASS” 
ConcrETE BEFORE AND AFTER Mrxinc? 


Standard Screen Size 


4 xs 28 48 


-125 | -77 | 

of 


 —12. 


—73 | +111 | 4237 | +4226 
| —10. +19.5 4+25.0 | $25.0 


(+108 | + 5.7 $67.7 


—@ Minus (—) indicates that the quantity after mixing is less than it was before mixing; pies (+) indicates 5. 
that the quantity after mixing is greater than it was t before mixing. ie 


lost from the coarse aggregate into the sand classification. _ The results for the 


3 full bateh tests altered the conclusions reached from the small ‘ en sone. 
‘| ~The large tests showed an av erage increase of about 50% for the — on 
S costs kept at i the dam are $13,285,000, to which should be added $2,379,000, rs 
eee other general accounts, and $1,150,000 for land acquisition, making 
a total of $16, 814 ,000. - if it were possible to separate, physically, the power — 
~ house, penstocks, and power ‘equipment from the dam, the $13,285,000 could 
be broken down further into these items: Dam, $10,226,000; power house, 
substation, turbine, generator, and miscellaneous power-house equipment, 
‘ $2,001,000; reservoir relocations, $765, 000; and reservoir clearing, $295,000. 
Mr. Thomson fixed the cost of the dam at $12,000,000, whereas the dam oa 
power house cost $12,226,000; therefore the expenditure of $210,621, orl. 72%, 
a for crack « prevention and longer life seems reasonable. 
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ON CRACK PREVENTION “PROGRAM Discussions 


$8,059; ou of curing a and winter $14, 075; and a part of the 
ie cost of steel reinforcement, $11, 053, from the sotinnaton cost of $210, 621 for 
show a an 1 increased of $30, 434 the program, the w titer show a 
_ saving of $34,407 . These items will be taken up briefly in the foregoing onder, 
whieh i is the same as that used 
- the | paper, the writer used the phrase ‘ ‘predicted cement content of one 
4 barrel per cubic _ ’ advisedly and a after | careful consideration. Bl ‘other 


for the interior | mass concrete and 1.25 bbl for the | dees, using m modified cement 
- (Type B) ‘and grayw acke rock and sand. a During the early period of the Hi- 
wassee project, before the type of cement or cement content had been decided 
— upon, 1. 05 bbl of cement per cubic yard for the mass concrete in the interior 
of the dam was generally considered, especially using sand manufactured from 
gray Ww acke | rock. Consideration was even given to the importation of quartz” 
sand from Geeta because of the | breaking down of the graywacke sand. 
_ Exhaustive tests were made in | the laboratory to determine the ‘suitability of 
one various types of available : aggregate, with the result that it was determined 
to use both grayw acke rock and sand. _ Engineers of the design department 


and others in authority advocated 1.05 bbl of cement for the interior mass. 
eanerete of the dam. sev eral conferences the writer advocated 1.0 bbl per 


ae cu yd of modified aes (same as Norris Dam) for the mass concrete, but i it 
It was only : after the consultants (Messrs. and Davis) had recom 


-mended® low-heat cement and low | cement content that. any cement content 
“Tess than 1. 0 bbl ‘per cu was. considered (to th the know of the writer) In 


(1) By using a low-heat cement; 


Ke (2) By using for the interior of the mass a concrete of = cement content, 
a for the exposed faces a concrete of normal cement content; lige 


(3) By a controlled placing schedule, using thin lifts immediately above 


foundations and immediately above surfaces of concrete that had been placed | 
By maintaining low casting temperatures. 
“A trial mix containing 0.75 bbl. per cu. yd. has been shown | to 7s very 
plastic and workable and to exhibit almost no water gain. * * * pre 
liminary investigations would seem to indicate that a cement content of 
0.75 bbl. per cu. ‘7 7 be employed with a water-cement ratio of not 
.* greater than 0.85, | . It is recommended that for the mass of the 


_8 “Problems Pertaining to - —— for Hiwassee Dam,” Report by Roy W. Carlson and Raymond 
Engrs., to Carl A. Bock, Asst. Chf. Engr., April 11, 1938, pp. 2 and 
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December, 1941 ON N CRACK PREVENTION PRO 
_ dam there be employed a concrete for which the water-cement ratio is 
about, but not more than, 0.85 and for which content is 
7 more than 0.8 nor less than 0.75 bbl. per cu. yd.” oo | M4 


ees. _ Table 11, from the official records of TVA, is ail to show the cemen nt 4. 


content: of the dams designed and constructed previous to the nr 
TABLE 11.- —CEMENT CoNTENT OF ‘TVA Dams 


| 
Pickwick Wheeler ville | Norris 


mauga 


774,054 369,442 | 1,061,190 


642 783 4 


1.310 


612,857 286,312 ‘968,119 169 


a 


The amount of saving by the reduction i in cement used ean be ob obtained by — 
three methods: First, by the actual number of barrels of cement used for the — on 
596 431 cu yd of interior mass concrete, compared | with the predicted « one barrel #: : 
per cubic yard, which | gives 114,499 bbl at $2.14, or $245,028; ‘second, by apply- 
tne the saving of 0.20 bbl per cu yd for the 596,431 cu yd, which gives 119, 290 
_ bbl of cement at $2.14, or $255,280; and third, by taking the total yardage of ¥ 
ayn at Hiwassee Dam of 794,439 cu yd and applying the difference between 
the average cement content at Hiwassee Dam and the average at Norris Dam 
s shown in Table 11) at 0.15 bbl per cu yd, which g gives 119,166 bbl at $2.14, a 
or $255,015. After all, the amount of saving in cement i it is a matter of judgment. Bed ; 


‘The writer believes the lowest sum ($245,028), which was used in the paper, to _ 


be fair. re Mr. Waugh states s that “At Nc Norris Dam a cement content , of 0. 90 bbl 

per cu 1 yd for the interior concrete was s adopted.’ According to the record, 

that i is correct, but the adopted content was not realized in practice. It is — 

a found from the record that, during the first two months of concreting at Norris 
‘Dam, 1.10 bbl was used; then the content was changed to 0.95 bbl and later 

_ adopted to 0.90 bbl. — Evidently the actual average of placement was in excess 


_ of 1.00 bbl because the average of all mass concrete interior and face sod 


The discussion by Mr. Waugh, of studies of temperature nas in n mass 
Mr. Waugh admits that some benefit was received during construction 
; the scientific program, and the writer admits that the benefit did not equal 
the total cost of $29,000, but the clearest explanation | is made by Mr. McHenry — 


nry 

A a “The inclusion of the $29,000 item for the scientific ] program is likewise 53 
ie of interest; this inclusion acknowledges a debt to the similar research in- | 


vestigations of the past that are to a large extent 
success and of the Hiwassee control ‘ol program.” 


Mr. Waugh admits a ne benefit from the cooling o of the ag geregate, | iis fi: 
charge (explained i in detail in the paper) also is small. On the other hand, , the on En 
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The design of the inspectio: n tunnels flat on top and bottom with 
chamfered corners horizontal steel reinforcement above the roof and 
= ~ below the invert), and the placement of interior mass concrete § around the a 
terior of the tunnels, produced a a job practically free from cracks; so the in- 
; clusion of the cost of the steel reinforcement in the crack prevention program 
‘seems reasonable. . Only that part of $74,600 (the ‘cost of the curing a1 and winter 
__ protection, \ which could be attributed to the slow setting tendency of f low-heat 
cement), or $14,075 as explained in the paper, was charged to the crack pre- 
j as vention program. _ All of the items of cost were obtained from the records of 
= cost engineer, and the final | figures reflect his s judgment, ,and that of several 
_ The writer desires to express his appreciation to those participating in the 


discussion of this p 
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DISCUSSIONS 


(OF BED LOAD 


BY H. A. EINSTEIN, Assoc. M. Aa. Soc. C. 


™ 


i A. EINSTEIN 2 Assoc. M. Am. Soc. C. E. (by letter) .2"— 


oof this paper definitely show how little i is know n about hed- Joad movement. 

a Shulits, for instance, « asks s of what a avail is all this. research if different 
investigators can derive different results (for mulas) from ‘the same basic data. 

This: is the fate of all empirical research, because, when one tries to fit a mathe- 


matical « curve through ay group of points, it is to use 


certain range. | by ‘enlarging the range of measurements a region 
where the different curves diverge can one choose among them. In this 


respect the w writer was fortunate in having the Swiss experiments® 


available, since they extend range of experimental data considerably 
tow ard the greater depths and coarser grains. 

_ a In 1934 the writer developed’ what 1 is today generally known as the Mey er- 

Peter formula. This formula was based on the same experiments as the ¢-y 
formula and satisfied a a great number of them, especially those with coarse * 

sediment. _ Accordingly, it proved very useful and dependable in its 

to. mountain : streams with steep slopes and coarse sediment. Itis is well 


that this formula will not describe the trausportation of fine sediment, such as 


Gilber t’s sands, smaller than 1 mm in diameter. _ 


Peter are both based on similar but the $- is smore 


i flexible. For this reason it can be correlated to all] known experiments. s The 4 
op parameter ¢ is a measure of the intensity of transportation ‘and seems to be of | 7 


Rage. Note.—This paper by H. A. Einstein, Assoc. M. Am. Soc. C. E., was published in March, 1941, a af 
Proceedings. Discussion on this § pp ne has appeared in Proceedings, as follows: June, 1941, by Joe W. a. 
; and September, 1941, by Messrs. A. A. Kalinske, O. G. Haywood, Jr., ars ™ 


ar Johnson, Assoc. M. Am. Soc. C. E 
= 


7 “Neuere tiber den Geschiebetrieb,” E. Meyer Peter, F A. 


— Vol. 103, No. 18, 1934. 
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Al “Der Geschiebetrieb als Wahrscheinlichkeitsproblem,” von H. A, Einstein, Mitteilung der Versuchs- 
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of However, even if this all valid onl in cert to be 
‘Tepresented, it is still doubtful if any one mathematical curve will describe the 


entire range of known Conditions i in large rivers with fine | sedi- 


ments have ever been made. Any final curve should certainly embrace this 
_ The general pattern of research in the bed- ead problem includes, since the 

first work of Gilbert® and Schoklitsch,* the following three | steps: (1) ‘Flume 


on beds of “uniform om; (2) extension of the results ‘to and 


is developed from the fret stage alone Its application | to 
of the second step has been tried by the w vriter, using the experiments!® made 
at Vicksburg; but he was forced to the eee that some kind of sorting 
load inve stigntions conducted by the U. 8. Soil Conservation ina 
_ small creek seem to give an explanation for th this discrepancy. _ In these - experi- 
ments the. o-y graph also shows points between curves (2) and (S) (Fig. | 3(b)), 

cp and the > composition of the bed as aM whole i is definitely the same as that of the 

; bed load moving on it. In the top layer ers of the bed, however, a a definite sorting 
_ took place, accumulating t the coarse grains it in a certain layer and th the fine grains 

; x above and below. | Depending on the extent to which this coarse laye er is ex- 
posed, the rate of transportation may ¢ a for any one = ery likely the 


Service on this problem are ‘till in progress (November, 1941) 
and m: may soon 1 yield definite results. If the writer’s explanation i is correct, the 
entire ‘space | between curves (2) and (S), Fig. 3(d), would 1 constitute a a possible 
range for non- -silting and non- scouring channels. © Elaboration on the extreme 
_ importance o of t this question is probably not necessary. aE as el 
‘The average single step as introduced in statement (c) of the “Introduction” 
has been determined in a great number of measured distributions similar to the 
one presented by Mr. McNown in Fig. 806). Their averages, not the Steps 
themselves, are independent « of the flow, but seem to vary with 
Med form and roundness of the particles. Further | discussion of this question does 
not seem desirable at this is time, as | the complicated formulas were presented i in 
1937, and relatively few readers would be interested in their derivatic 
el ; _ Professor I Kalinske asks Ww hat particles are included in in the deseription of 
bed load given in the “Introduction.” oe - Thisi is very easy to answer: All particles: 
a * any flume experiment with ‘uniform material, rolling or in saltation. It “ol 
_ happened th that under the conditions of all these experiments particles did not 


8 seem to go. into ‘suspension. There” is no single flume study with: 
__8“The Transportation of Debris by Running Water,” by Grove Karl Gilbert, Professional Paper No. 86, mh 


%“‘Ueber Schleppkraft und Geschiebebewegung,” by A. Schoklitsch, Verlag Wilhelm, Engelmann, — 
10 “Studies of River Bed — and Their Movement, with Special Reference to the Lower Missis- 

sippi River,” Paper 0. 17, U. S. Waterways Experiment Station, Vicksburg, Miss. ‘January, 1935. 
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grain available in which bed load and 1 suspended load have i ai: 


term ‘ “eritical tractive force” is so familiar t to every, one that. it seems 
almost impossible to do without it. - Unfortunately, it is a condition that does — 
ot exist in nature. e. If it it did, the points somewhere : near the ) upper end of 
“curve (2) would approach s a horizontal line. The‘ top points, representing arate 
transportation of ‘some few pounds per hour: in a 6- wide flume, would 
definitely be called zero transportation by all observers. If this small rate is 
ye measured, however, the data are found to fit curve (2). The writer would — 


_— - readily change his his opinion about this point if any one could cite some experi- 


ments that show this break in curve 2); but apparently the break does not 


7 Iti is clear that for the Pe engineer the concept of a critical tractive 


force or critical value of y is very useful, since it indicates the flow under which ~ 


4 natural ¢ or artificial bed will be stable. For this ] purpose one must remember > 
that a an exact limit of transportation eae not exist, but that the erosion can be 
reduced to any safe amount by choosing the proper y-value according to the — 


expected duration of the critical flow. 


‘The final important point under discussion is the influence of turbulence. 


shows that turbulence i is is greatly responsible for ‘the 


| 


mouth of the wind tunnel has not yet and that this | 
* turbulence can be the only reason for the failure of the sand to move. ae * ¢ 
‘The term turbulence includes all pulsatory velocities in the flow. ‘The 
influence ¢ of vertical turbulence velocities on a moving grain is is the action typical 
a - for suspension and has been excluded from the problem as such. . 8 Such vertical 
velocities might to some extent be : responsible for the deviation of the finest 
grain sizes in Fig. ‘3(a) by increasing Any influence’ of vertical velocities 
on grains in the bed, how vever, is those vertial turbulence 


able to move e particles ‘out of the bed. Sines Mr. Bagnold proved that 
average velocity, without turbulence is definitely not able to cause the move- 


_ ment, it must be concluded th that the horizontal al turbulence or pulsations are a 
responsible for the “movement. (Mr. Kalinske may remember that in Mr. 
Shields’ _ experiments the flow outside the laminar sub- layer 


3a turbulent and 


%“The Movement of Desert Sand,” by R. A. Bagnold, Proceedings, Royal Soc. of London, —_ A, 


— 
1919 
— 
— 
— 
— 
= 
lucted in a special wind tunnel, he states: 
: “Sand placed at the mouth itself was never disturbed even at the high- — — 
-_ — est speeds used, despite the fact that the drag and the normal velocity “fs | (Cee 
gradient must be a maximum there.” 
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MOVEMENT 


| 

hose as the title of his “The Force to Maw 

‘in on a Stream Bed,” thus indicating that his investigations deal with —__ 

the forces nities on particles, like particle a in Fig. 9, that are on the bed rather 7 | 
= than | on particles like 6 which are in the bed. i observation of bed-load 


: "movement shows that most moving particles are dislodged from | positions in 
an the bed. Thus, it is easily understood why Captain Haywood found a constant 
Ag = 0. 01 for the lift on the particles, and this is also the reason why the writer 
always refers. to a “lifting” force. low 


value of Agi in | itself excludes the possibility 


any impact o or push, su such as would take 7 
place in the case of f particles in position a, 
Fig.9 Captain Hay wood’s rather high value 
Fo. 9 t = 0.32 sec may be correct. An explana- 
could be that before removal the particles 
from the surrounding particles by small vibrating move- 


ments. In motion pictures of bed-load movements these vibratory movements 


ites _ The writer | believes that he has answered the most important, questions 


raised in discussion. Much could be added. conclusion he would like to 
emphasize the fact that the problem i is far from being solved and that a great 
number of the most important questions pertaining to sediment tra sportation : 
cannot be answered because the necessary measurements do not exist or be-| 


cause they are incomplete. - Every one investigating problems of sediment 
transportation would do | well to keep Mr. Johnson’s remarks in mind. — 


_ 4“The Force Required to Move Particles on a Stream eo ” by William W. Rubey, Poniond 
Paper No. 189-E, U. S. Geological Survey, Washington, D. C., 193: 
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DESIGN OF OF ACCELERATION 


AM. Soc. C. EL 


m. Soc. C. E. (by letter) pre- 


these is gratifying that practically all were kept on 
In summarizing x the discussions submitted, an effort will be made to isolate 
_ the controversial elements and to modify tl the recommendations of the paper 
where it appears rs to be justified. Pan a 
 Deceleration Lanes. —The weaving distance was given particular attention 


Messrs. Loutzenheiser - and and Davidson. It is gratifying to1 
er that his values were acceptable as mini- 7 
Mest, Moyer and Davidson to have gone into the 


tests checked rather closely with the values given in Fig. 2.’ > However, on the 


basis of a spiral shown i in Fig. 15, they have arrived at a length eatin on a 
ey ‘excess of those g given in Fig. 2, and this bears some comment. 


‘the author, the minimum in weaving obtained in 


ot stating that assumption of an S-path of travel is a ‘theoretical 


expedient entirely,’ ” and that ‘there is no “doubt that drivers Ww ould find 
= spiral path more natural than a reverse circular wr path,” the writer did not have | ss 


reference to the spiral employed by Messrs. Moyer ond Davidson. This spiral 
Nore. —This paper by Adolphus Mitchell, Assoc. M. Am. Soc. C. E., was published in March, 1941, 
Proceedings. Ee on this paper has appeared in Proceedings, as follows: May, 1941, by Messrs. _ 
H. F. Holley, D. W. Loutzenheiser, Hawley S. Simpson, and Milton Harris; June, 1941, by T. F. Hickerson, 
_ M. Am. Soe. C. E.; ‘and September, 1941, by Masta, W. L. aeaieess R. A. Moyer and Donald T. Davidson, 
and Stephen E. Butterfield. 
1 Senior Traffic Engr., State Highway and Public Works | Comm., | Raleigh, N. rom 


a 
Received by the Secretary October 29, 1941. 
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ApotpHus MITCHELL,”! Assc — 
paring the paper on acceleration 
the available data on which the limit of motor deceleration and other constants a 
; "were based was not sufficient to allow the selection of final values. I — ee 
_ reason, it was hoped that those discussing the paper would do so in a construc- 

1 
‘| 
eat 


MITCHELL ON ENTRANCE AND EXIT LANES 


= 


was eo by railroad engineers on the basis of providing for a transition 
_ from a tangent to a circular curve in a manner that would i increase the cen- 
trifugal force acting on the vehicle uniformly from zero at the end of the 
tangent to that determined by the circular curve at the end of the transition. | 
This would permit the elimination of all “pants friction” provided that the 
: -superelevation was increased uniformly from zero at the | end of the tangent 
to that of the circular curve at the end of the transition, on the condition that 
constant speed was ‘maintained. In the present. it will be 
:— superelevate the pav ement in | this m manner and to ) assume that the 
4 speed will not vary throughout the weaving g distance. For these reasons, 7 
Messrs. Moyer and Davidson not only failed to present a a formula for the 
“natural path” but also failed to present one resting on a sound theoretical 
the discussion of the w eaving distance gives | the impression 


-s providing a basis for longer minimum lengths, examination of the throw 
@) of the spiral shows this to. be purely theoretical (amounts to p = 0. 
_# in the problem of ‘Big. 7 7 , although Lis equal t to 505 ft, using f = 0. 16, We=17 
60, and C = and not at all commensurate with the 
which automobiles are steered . Their comparison of Fi ‘ig. 16 with Fig. 2 is not 
ae valid. All curv es in Fig. 2 2, 2, except. one, ar are based on a width of lane varying 
with the speed as listed under the heading ‘‘Deceleration Lanes.” - The values 
of Fig. 2 are nearer 70% less than those of Fig. 16 than the 40% listed by 


- the evaluation of which is not final. "They themselves apveceretenr using Ca as 

a constant for r any give en design speed. ot 
“alle Mr. Simpson suggests that motor dechustion be assumed e equal to 40 miles 
_ per hr, and ‘Messrs. ‘Moyer and Davidson suggest 40 or 50 miles per hi hr. The 
writer suggested that “40 miles per hr for a 70- -mile- -per- -hr highway and 30 
rd miles per hr for a 50-mile-per-hr highway” be assumed. Since nearly all of 
- those taking part in the discussion agreed that deceleration lanes determined on 
_— this basis are too long, it is suggested that the assumption of motor deceleration 
_ 50 miles per hr be used for a 70-mile-per-hr highway and 40 miles per | hr = 
oe Most of those discussing the braking distance agreed | that a somew! hat 
higher | coefficient of friction should be adopted than those. shown in Fig. 5. 

aaa and Davidson suggested a a value of f = alin 

actual tests. Py writer is inclined to agree with them that this 


This would result i In equation: iy 
at 


There was very comment on n funneling or a decreasing width 
of lane as speed d decreases. aes no one knows anything about this 
nie a ery lit little was written about the insulation ‘strip for the deceleration lane. 
The writer is inclined to shorten this strip to a length determined by the 


va emergency stopping distance so as to. provide a a more open throat than that 
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December, “1041 AND EXIT LANES 
theoretically required. TT lation str 
of the deceleration lane, as has been proved by experience. ~ Proper design will | 
eliminate the hazard of introducing an island point. 4 ae 
: ee The changes agreed upon would result i in a length ‘aaa deceleration lane of 465 
instead of 650 ft for the problem of Fig. 7. 
Acceleration Lanes.—It appears that there is no definite agreement 
distance required for full acceleration. Mr. Loutzenheiser does not think the -_ 
writer was justified i in extending the data for level ground to include the effect 
of gradients. — «dt has been the experience of Ernest E. Wilson, director of the 
_ General Motors Proving Ground, that “The hill climbing abilities of a passenger 
car can be very closely determined from theoretical ‘equations if acceleration yO 
data taken on a level road are used i int the calculations.” 
_ The insulation strip along the acceleration lane was an item of considerable 
interest. Mr. Loutzenheiser would either shorten it or omit it altogether. 
Mr. Butterfield thinks it is all right as presented. Messrs. Moyer and Davidson 
suggest that it be shortened to one half of the length of the acceleration lane. 
The w riter ‘suggests that it be shortened to the point where it i is possible for 
entering traffic to attain the average speed « of the adjacent highway. 
‘There was considerable diversity of opinion as to the braking section pro- 
vided at the end of the lane. 7 Mr. Harris does not think it is necessary, and 
Messrs. Moyer and Davidson w ould use a low-cost paved surface. — ‘Since this 
section amounts to no more than improved shoulder, the writer is s inclined to. 
agree w ith Messrs. Moyer and Davidson 
Messrs. | Simpson and Moyer and Davidson would construct deceleration 
lanes only, whereas the others appeared to think that the acceleration lane had 
some merit, particularly Messrs. Harris and Butterfield. After studying the 
Vv arious comments ¢ on the subject, the w riter still fails to understand why ace 
-celeration lanes are not important for dual-lane highways. - Where traffic is 
; heavy, | it is even more important than w here’ it is light, because it would be 
‘eee to use signals to enable traffic to enter. - The only pr problem é seems to 
be that of persuading traffic to move from the outside to the inside lane in order 
— to allow traffic to enter from the a acceleration lane (signs, signals, markings, and — 


are available for this Since it is easy to 


as would be the case at a T- intersection. operation of ‘ “stop” lights 
| introduce delays « on the highway that en engineers have come to recognize eo 
as s equivalent toa monetary loss. The cost of such delays should be estimated 
to determine if they wo would justify t the construction of the acceleration lane. 7 
5 Messrs. Loutzenheiser, Harris, and ‘Waters mentioned the need for addi- — 
tional data on acceleration and deceleration lanes, some of which were furnished 
- by Messrs. Moyer and Davidson. — Data are needed on the form of the “natural 


= the maximum permissible differential in ny speed of cars on the ripe pall 


— 

= 
4 
‘ 

— 

— 

Se 
— 
2 
@ 
ae 
on the inorder to 
~=6Erwould require a smaller distance between vehicles on 


-Conelusio n.—Mr. Holley’s example of the Fair Oaks Avenue « crossing of 

_ Arroyo Seco Parkway w as most interesting; however, its value was eeatly 
reduced by his failure to | give speeds, grades, and dimensions. — rf It is sey 
“that he states, “Mr. Mitchell's paper provides an o objective which 
= _ Mr. Le Loutzenheiser r appears to believe that the w riter’s 8 paper is is “‘an academic 
ussion, somewhat e: extended i in detail, ofa a design ap approach r made ina paper? 
published here, in 1940.” The writer's paper was w ritten in 1939 and 
submitted to Yale University, ” New Haven, , Conn., in 1940, through the 
‘Yale Bureau” for Street Traffic Research, in partial fulfilment of the require- 
= ments for a certificate in street traffic control. There : is a marked lack of 

The v wr riter i is to for checking the development 


ay Officials, 1990. 
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RFACE RUNOFF DETERMINATION FROM 


RAINFALL | WITHOUT USING 
COEFFICIENTS 


W. I. Hicxs,* Esq. outline of a of cor compu- 
tation, based on the analysis and synthesis of the factors governing runoff — 


from a city block, is presented in this paper, which points the w: way to an 
inage system. On account of 


extension of the computation to a complete drai 
the wide scope of the subject and the limitations of space, the text must be 7 
carefully to enable one to grasp the entire subject matter. 


a schedule of procedure 
“Application 


‘ntermediate” and “delayed” w 


eA between “intermedi and 
II—The infiltration curve was based on small test plots and the. analysis of 


off records gathered from local drainage areas (see Fig. 16); 


rainfall- -r 

III—Antecedent precipitation was determined by probability and 
to weight the basic infiltration curves; 
IV—Net rainfall curves w ere derived for differe nt of development 


-V—Infiltration curves, depression storage varying from 0.10 in. fee heavy 
soils t to 0.20 in. for sand; and 
Vv I—The ne net rainfall curves were translated into to hydrographs after considera 
of the various forms of detention. tention, 
hydrograph method ‘of computation is well suite sa to 


The -of- 
Los Angeles terrain where the intensity of a storm of given frequency = 
Nore. —This paper by W. W. Horner, M. Am. Soc. C. E., and S. W. Jens, Assoc. M. Am. Soc. C. 
Discussion + this paper has appeared in Proceedings, as 4 do 
E.; and October, 1941, by Messrs. C. ‘E. Ra: ¥ 


was published i in April, 1941, Proceedings. 
une, 1941, by L. L. Harrold, Assoc. M. Am. Soc. C 
“eR Roy K. Sherman, A. J. Schafmayer, C. S. Jarvis, G. W. Musgrave, and F. L. — 


— 
4 
SU 

BY W. I. Hicks, Esq. 4 

Calif, for a number of years, with the result that 
d with the six stages listed by the authors a 

| — 
7 iii 

Beceived by the Secretary August 8,1941. | —- 
| 


as as2tolina single area; the reason for is th 
mountainous character of a part of the area. 


_ Apart from the agreement in the general principles, there were some 
-% variations and differences on various details of more or less importance. a 


Inches per Hour 


. 16.—Ratnratt Rate—Loss RATE (Curves 
In delineating the precipitation cur 
* the intensity diagram because it was believed that the aaa. of runoff 
was of major importance. 7 Likewise, the influence of detention was Jodhaa 
bys suspending the v: varying depth of under the net rainfall curve; 
_ the time functions of the hydrograph w were approximated by a” 


from drainage areas of various | sizes and of development. 


ward march in capacity to practi- 


on March 2, 1938, show a 


zero (the zero capacity. was a combination of infiltration and seepage 


The curves in Fig. 16 differ from the authors’ assumption comparativ 
a tidienidianne: of rainfall intensity under turf cover in that the higher intensities 
of rainfall produce a more complete coverage of the imperfect plane surface 
of urban n yards and so increase the infiltration capacity. ieee a — 
te In the authors’ typical block, they assume that drainage from impervious _ 
surfaces does not flow over turf on its way to the gutter or alley. _ Analy sis 
= a of the various classes of urban residential districts indicates that walks, driv ren 
5 omy strips, and small porches usually discharge on to turf and that many roof 
_ downspouts discharge into flower beds; the total of these areas average from 


; f the entire area. If this — is granted, the gross. 


= 


“4 | | 
— 

— » - 
— 
low, because of the delayed position of the peak rainfall, and because of 
_ 
— 
— 

— 
— 


rainfall for the pervious area is increased by the runoff from these are 
the i impervious supply volume is diminished correspondingly. __ 
_ i In the matter of overland flow and surface detention, limited experimental _ 


data were taken locally. a The results of the experiments are included for the 
‘purpose of discussing the paper and to 0 make them available for use. 


The aratus cons isted of: 
consiste 


(QQ) A rectangular wooden trough 100 ft long k by 0.9 96 ft wide mounted or ona 
series of wooden standards and capable of being adjusted to different slopes. = 
mL (2) A 24 in. galvanized pipe, capped at both ends and tapped at intervals _ 


to receive nipples, mounted in the wooden : standards above the trough. . Below — 
this pipe ‘and connected to the | nipples | were ‘suspended brass sprinkler pipes — 


The — of surfaces tested were: 


tan k on & platform set uphill { from the apparatus. 


Tar and gravel corresponding to the roofing of that type and Tough- 
avi 


finish asphaltic concrete p paving; and 


; us Lengths of flow were 100, 50, , 25, and 
; 0 it. _ (The 10- ft ru runs were on a 2 10-ft by 10-ft adjustable 5 platform.) a.) Uniform 
rates of simulated rainfall varied from 0. 5 to 7.0 in. per hr. ATS ie 7 


hey are quite erratic for the tar and sand surface on account of inability to’ 


iq og Data from these tests have been filed i in the Engineering Societies Library.** 
T 
j fe more a true plane for so smooth a surface; the data for the other surfaces 


are more rational but require judgment for interpreting, The data were 
plotted on logarithmic paper and the following exponential formulas were 


Tar an and Sand Surface— 


.. (176 


50-366, 0.684 366, o°: 684 


West 39th Street, New York, N.Y. 
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HICKS ON RUNOFF 
‘Clipped Sod Surface. — 


281, 


J9.298 


te 
(50.802, 0.785 
7 =< Except that So denotes slope, as percentages in Eqs. 17, 18, and 19 (and i in 
; Eqs. 20a and 206), tl the symbols u yao are those of the paper, te being st 
= slope 
aaah as a percentage. tis: s to be noted that not the marginal but the 


SANDED TAR SURFACE; _| ORAVELLED 
N as ’ 


Gallons. 


] 


; 


4 


: average depth i is used. da omographs were designed for the convenient solution © 
of Kags. 17 to 19. Sample: runs are shown in Fig. 17. 


From the experimental. data, the curve in Fig. 18 was derived with per- 
centage _ tetage of concentration as abscissas and percentage of 5, or storage 


was on da data a flow trough, a clipped 


a 
— 
— | 
§ 
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surface, a tar gravel plane su surface, tar and sand plane 
‘8 


as outlined i in the paper (between Eqs. 4 and 5) ‘except that a mass curve of 
= and varying depths of stora age are used instead of a 


| 


> 


Percentage of Total Storage 


of Total Time of Concentration 


18.—RELATION | oF Time ‘OF TO RAGE 


_— obtained by the two methods of treatment are consistent for all 
Practical purposes. W hen one considers the u unavoidable variations it in rough- 


= ess of surface of roofs, | pavement, and turf, ‘and the n necessary sesumption of 


average conditions, » precise mathematical treatment is not to 0 be expected. 

In determining the effect of gutter storage on the hydrograph, the writer 
= followed the general principles” stated by the authors. . Two formulas 
7 similar to those for plane surfaces were computed on the basis of a 30-ft roadway a 

(n = 0.012) with a 4.5-in. crown and no crossfall, which was selected as repre- 
‘senting average conditions. — __ A series of tests was performed on a V-shaped 


~~ with — increments of flow introduced at regular mereen along its 


‘The 6 on a flat ‘grade the suthor remarks on | the 


| 19290 
| 
| 
| 
| | 
| 
x 
— 
ar 
— 
— 
— 


= 


‘The hydrograph of runoff from to the of 
inflow to gutter, inlet by > varying the | gutter storage in the manner outlined 


8 


a Depth, 


Mar 


i 


unoff Rate, in Inches per Hour _ 


4 


: 


w 


(a) PAVED STRIPS 


TURF STRIPS 7 FT LONG 
Time, in Minutes For S= 0.04 


Time, in For S=0.04 


42 


3 


P 


Rate, in Inches 


‘Time, in Minutes For S= Time, in Minutes For S= 


Time, in Minutes. 
6 14° 22 26 


Marginal Depth, 6, in Inches (S= 


20 28 36 40 


(©) TURF STRIPS 65 FT LONG iy 


a 


= 


— 1930 «HICKS ON RUNOFF DETERMINATIONS Discussions I 
— water slop formulas are as follows: 

which is time of flow he 
Se om other formulas multiply by 1.33 +. Similarly to Eq. 19, a nomograph was 7 7 ~ 
— 
— 
— 

— 
— i 6 

if 

c 0.035 : 7 0-20 

— rami 
— o 
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“HICKS ON RUNOFF DETERMINATIONS 


authors suggest, in general terms, the extension of the 
- the hydrograph for a ‘single block; ‘paragraph (e) indicates a process of sum- 


If this interpretation is correct, the volume of routine nik onk on be 
considerable and the chance of accumulative error will enter into the compu- 
tations. A comprehensive experimental study of the hydraulics of the flood 
"wave, confluence of hydrographs, and analytical comparisons s of the hydrograph 

of the block with those of drainage areas of different sizes may yield aero’: 
as to time factors and other elements of the composite hydrograph by which - 

Acknowledgment. —The studies reported herein were made under the 

direction of L. W. Armstrong, ‘M. Am. Am. Soe. C. —zE, the f field activity being 


“supervised by H. W. Fraim. 
Corrections for Transactions: In E Eq. 3b change to “1 
for Fig. 9 substitute the corrected Fig. 9 shown on page 1930. _ Oo oe 


_ after Eq. 96, insert: ‘‘With Q expressed in cubic feet per second, Eq. 9 becomes 


0 
which expresses the the value of k ee in Eqs. 12’ 


er Hour 


es p 


, in Inch 


(N@and Abi in tnches per Hour 


7 December, 1941 131 
— 

— 
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factor in in Eq. 12 2b, once as de in the ‘numerator again in nthe 
factor Eq. (126 is correct if the value of “k” as given in Eq. 9c is used. 
The corrected Fig. 13, to be published in Tran actions, i is as shown on page 1931. 

= Fortunately the effect of applying these corrected storage curves W ould ‘result 
in 1 only” minor changes i in the outflow hy drographs of Figs. 5, 6, and 7. The 
maximum i increase in peak values being approximately 8%, there are rel: atively 

~ small changes i in the peak | flow rates originally published i in Table 5. - These 
small chan due to the incorrect curves of Fig. 13 do not warrant any changes 
in the other curves, the tables, or the text as originally published, nor "in any 


“i of the discussion to date. ie. also corrections in June, 1941, Proceedings, — 


— | 
duces Eq. 10, 
a fan er sear 
4 
— 
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DISCUSSIONS 


AND ) BENEFITS 


By MALCOLM ELLioTT, M 
4.) 
Matcoum Exuiort,* M. Am. Soc. C. E.—The stresses 
the difficulties attending the use of depreciated property values in the evalua- 
tion of flood losses. In first place among these difficulties is the uncertainty 
as to the rate of interest to use in computing the capitalized value of the annual 
flood 1 losses. However, lest it be understood that this difficulty i is avoided by — 
computing on an annual. basis, the writer desires to emphasize that, 
, * regardless of whether t the capital-loss or annual- loss ‘methods are used, the 
determination of economic desirability of any flood- -protection project depends 
on the adoption of a suitable Tate of ‘interest. _ The question raised by the 
author—‘“ What rate?”"— —will inevitably plague the analyst i in any case. 
n The difficulty can be illustrated by ai an assumed d example pertaining toa. 


-flood-menaced area of 10,000 acres of corn 


Benefits: 


Cost of protection works... 
Annual interest and amortization combined, say 5% 000 


“maintenance, operation, and all 


= 


_ Nors. —This paper by Edgar E. Foster, Assoc. M. Am. Soc. C. E., was published in May, 1941, 
Proceedings. _Digvension on this paper has appeared in Proceedings, as follows: September, 1941, by Messrs. ~~ 3 
8 L. Chandler, E. F. Chandler, and Charles B. Burdick; and October, 1941, by Messrs. H. K. . Barrows, fe 
Roger E. Amidon, Hyman J. Fine, and Otto F. Buzhardt. 
23 6 Col., Corps of Engrs., U. 8. Army; Div. Engr., Upper Mississippi Val. Div., St. Louis, Mo. ~~ 
Received by the Secreta ‘November 7, (1941 1941. 


— 
_______ 
] a 
| at 
= 
— 
— 
Average flood losses, per acre per 5 
‘- 
— 
— iim 
‘Ratio, Benefits. 50,0008 
Ration “Costs 40,000 15 
3 — 


Wy “ one conclude from this favorable alte that the project is economically 

desirable? The capital investment in this instance may be considered © the © 
sum of the initial cost, $600,000, and the capitalized cost of future maintenance 
= operation, say $200,000, or a total of $800,000. This is the equivalent of 


$80 per § acre and if, as is often may be the case, other lands, flood- free and of 


an investment of $80 per acre flood protection of of the bottom lands: 


The foregoing case is purely yet t have been actual 


“costs appears to justify the project, ‘the capital investment seems out of pro- 
‘Portion to the capitalized benefits. (as in this case) is it possible 
arrive at two different answers according to whether one uses the annual or 
lump-sum method of analyzing costs and benefits? st Obviously the uncertainty | 
is due to the rate of interest adopted. _ The 5% used in this - example, for ¢ <n ’ 
bined interest and amortization, corresponds reasonably to the rate of interest 
the e federal government pays bor borrowed money and at an assumed 50- -yr life ¢ of q 
the project. 1 Manifestly, some other er rate of interest m must be used if 1 if the a o, : 
nual and lump-st -sum methods of analysis are to be brought into ‘agreement. 7 
- Perhaps there is a fallacy involved in crediting the entire value of Sood 
damages to benefits. By so doing the engineer assumes in effect that, had the 
<4 4 floods been prevented, the farmer would have gained his customary return, 


> _ whereas in fact he might have lost the crop anyway by reason of other causes - 


such as drought, insects, glutted n market, ete. It is even conceivable that a 
a 7 flood could benefit him in some years we wiping out early i in the year a crop : 
a _ which if saved from floods might later have been destroyed by other ca causes. - q 

The w writer has searched in vain for a formula that will determine whether a 


bas - or ‘not a project i is meritorious or in fact complies with the mandate of Congress 
in the Flood Control Act of 1936 that the “Federal Government should i improve | 
participate in the improvement of waters or their tributaries 
a - for flood control purposes if the benefits to whomsoever they may accrue are in 
ae excess of the estimated costs nie ’ Although the ratio of cost to benefit is 


 — computed on an annual basis using customary interest r rates, it is . & 4 
that the final determination cannot depend on this ratio alone. A 
comparison of the capitalized benefits must: also be computed and compared 


with the total cost of the i improv ements (including capitalized maintenance and 
operation) before the engineer can be sure that the investment is a is a good one one. 


| 
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METHOD OF THE RUNOFF 


FROM RAINFALL 


Discussion 


F, SNYDER, AM. Soc. 


followed give ‘eomputed values: of runoff that agree quite 


with the observed values for the storms studied. 


The methods of analysis followed and relationships. developed are quite 


similar to those used in the Pennsylvania hydrologic investigations" for de- 


relopment of flood forecasting procedures and used by the writer’® to compute 
year’s record of runoff from Jom for a 1,147-sq-mile drainage area with no | 


© 


reference to observed stream flow. | . The outhen have used pan evaporation as 


an index o of ‘soil moisture variation, whereas time. and temperature were used 


There i is one otriking difference other in conception or in nomenclature 
F The writer believes that the author’s ‘ ‘surface loss,” ’ which consists of by far 
the greater part of the difference between rainfall and runoff for the dorms 
7 listed in Table 1, is really accretion to soil moisture and that the loss classified 7 


as addition to field moisture is an or surface loss. The most 


loss for periods | of time for - which complete data are given in Table 1. 


than the e values in in Col. 6 (0.9 X accumulated oui. 3 For the a 

including the storms of January 4, 1936, to February | 17, 1936, the total surface _ 


loss is 2.77 in. and the total evaporation is 0.70 in. 0.9 = Surface loss is 


| Nors. —This paper by Ray K. Linsley, Jr., and William C. Ackermann, Juniors, Am. Soc. C. E., 
r published in June, 1941, Proceedings. ~ Discussion on this paper has appeared in Proceedings, as fellows: 
October, 1941, by Bertram S. Barnes, Assoc. M. Am. Soe. C. E.; and November, 1941, by Messrs. Richard 
Associate Hydr. Engr., U. 8. Weather Bureau, Washington, D 


on “ 
_ _4“Report of Cooperative Hydrologic Investigations,” by Pennsylvania Dept. of Forests and Waters, 
- 8. Geological Survey, and U. S. Weather Bureau, Commonwealth of Pennsylvania, August, 1939. fares 


‘A of Runoff Phenomena,” 7 by Franklin F. Transactions, Am. Geophysical 
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aroun on RAINFALL- -RUNOFF PREDICTION 


"defined i in the paper (see “Theory: (1) Surface. of 


retention basins from it eventually evaporates and tre om 
entering: the stream ¢! channels. 2h It is difficult to understand how this st surface : 


~ loss by evaporation ce can be four times the observed evaporation from a pan or | 
how there can be enough natural or ar artificial surface retention basins | to store 


07 in. (2.7 0. 70) for later * For a longer or a more rainy 
er amount of surface 

storage . The writer believes that. a considerable part of this rainfall became 


An 


we In 1937 the Ww riter made extensive studies of rainfall and runoff relations a 


for storms | occurring in the period October, 1934, to Se ptember, 1936, on the 

: _Hiwassee I River Basin above Reliance, Tenn., which includes the Valley River 
studied by the auth ors. Using v what seemed to be rational 1 values of evapora- 
tion and transpiration, a maximum value of 4.0 in in. of accumulated soil moisture 
= a base of 0.00 was obtained in March for the winter of 1934- 1935 and 
7.5 in. in February for the winter of 1935-1936. At the time it was concluded 
‘i the water went to soil moisture rather than deep seepage since the method 

of computing evaporation and transpiration reduced the accumulated values 

or of soil moisture to the assumed base of 0.00 in. in what appeared | to bea reason- 
manner during the ‘succeeding summers. These values” of variation in 

‘soil moisture are much greater than the > maximum possible value of 0. 80 in. 
moisture deficiency assumed by the authors. This value of 0.8 801 in. would 

appear to be a more reasonable maximum value of surface loss. man 
oad - There i is also some question as to the general applicability of the empirical 
: ie of 0.05 in. per hr maximum possible absorption. . This criterion controls. 
* values of estimated absorption for seven of the first eight storms listed in 
Mri * Table 1, all in February or March of 1935, and does not control in any of te 

other storms. Better results wor ould have been obtained if the assumed “maxi- 

mum rate of absorption had been larger for the first three storms concerned 

(the : storm of February | 14, 1935 , is not | involved) and smaller for the last four 


_ storms. — This indicates that the rate decreased w with a continuation of fre- 


ng The qu question. raised as to nomenclature and definitions not 
the very good results obtained by the authors, but it would be of considerable 


"importance to someone trying to apply t the procedures to other areas. 
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DISCUSSIONS_ 


S IN SUSPENSION 


A. EmstEIN, Assoc. 1 M. Am. Soe. C. E. The problem of determining 
3 the pump and flo flow characteristics of a mixture of water and granular solids is : i; 

of “great practical | importance. Only the abundance o of difficulties involved 

_ may explain why so little research has been done and so few papers published — 

in this special field . Then numerous , complications may also be the reason why 
i the reports of earlier investigators failed to give full descriptions of all technique 
and apparatus . Both authors stress this fact but omit some information from — 

their own reports. The writer misses "especially -a short description of the 


of making 


fine particles, the venturi meter should give the 
- correct discharge, if the | pressure difference is measured by the height of a 
. column of the mixture. For coarser particles, a relative movement of the 
7 "particles against the water is to be expected 1 in the venturi i meter as well as in 
q the pump. The solid d particles will probably lag when the acceleration in the’ 
meter occurs. Therefore, the water will be accelerated more than the 
Bs: mixture as an average, and a slightly high manometer reading may be 
: expected. Mr. _ Fairbank ma y be able to give some information about this 
3 Another important measuring, detail pertains to the lines between the taps _ 
in \ venturi, pipe, or pump, , and the manometers or piezometer tubes. Part _ 
these lines will be filled with 1 a water-sand mixture, part with clear wate 
Are the points known at which this change occurs in each line? ,: What c 
tion for any differences in their level has been ‘made? _ These questions = 
especially important for the measurement the “hydraulic gradient S” 


= 
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— 

H. A. ErmnsTEIn, Assoc. M. Am. Soc. C. E. — 
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4 rE ihis Symposium was published in Uctober, 1941, Froceedings. Viscussion on this Symposium 


EINSTEIN ON SOLIDS IN SUSPENSION | 
There is a device that can be used for measuring 
almost all flows through pipes. This device is the measuring elbow. . Any 
"elbow following a ‘sufficient length of straight pipe can be used. The dynamic 
"pressure in certain. parts. of the elbow seems to be extremely stable and there- 
fore can be used for the writer found tl that the point b 
: = Fig. 14), where the axis of the 
preceding straight pipe intersects the 
wall of the elbow , is very reliable. 
‘The difference in pressure between 
point b and a reference point a in 


front of the elbow is proportional to 
the velocity head —— for wide ranges 
— 
f velocities. For most normal 
This principle of measuring 
can be used in almost every line of any size without additional energy loss, pro- 
<a vided there is an elbow in aad line. > Here, too, a correction may be necessary 
_ ‘Eq. 19 is the backbone of Professor W. ilson’s paper and, as such, perhaps 
a is not sufficiently explained. — It seems to be one of those hydraulic rules that 
simply add energy losses without regard to their interdependence. — Its first 
term represents the amount of mechanical e1 energy y dissipated i in a flow without © 
- the solids. ;. The second term is the amount of turbulence energy dissipated | 
by lifting the solid particles. The two terms, therefore, originate in two _ 
altogether different: phases of the problem. — The same energy may appear in 
the first. term ‘as mechanical | energy being transformed into turbulence, and 
again in the second term, when this his same turbulence i is dissipated in lifting 7 
particles. ‘measurements ‘themselves ‘seem to indicate this tendency. 
The scatter of the points of Fig. 11 is considerable, but, still, some groups of 
points (series 1, runs 1-6; series 1, runs 8-13; and series 2, runs 1- -7) unmis-— 
-takably follow a ‘slope of less than 45° . According to Eq. 19, this can be ex- 
_ plained only as an efficiency above 100%, which is impossible. — The writer’s 
= experiments, therefore, seem to indicate that Eq. 19 ) does not explain the $ 
problem, even if it does seem to describe it satisfactorily 
“7 if Professor Wilson is definitely correct when he calls the criterion for settling — 
; oft the sediment on the the bottom of the pipe ‘‘a bed-load problem. eA Iti is defi- 
_nitely to be solved as a a problem of the stability of this deposit. Unfortunately, 

t knowledge about bed load does not include any flows that could be 
compared with the flow in one of these pipes. . Therefore, caution must be — 
ie used when data from rivers are applied to pipes. _ However, if all the necessary : 

available, these and similar pipe measurements could very 
- well give exceedingly important information pertinent to certain bed-load 
problems. However, at least one ‘series: of measurements with 100% open 


7 5 hi) cross section should be included, and, as stated previously, the measurements 


Fig. 14.—MEasuRING 


themselves should be described in more detail. 

ie m oe ~ Both papers of this Symposium will prove to be very helpful to the engineer 

who must t design ¢ apparatus f for pumping solids in suspension. _ They provide him him 


4 with so some ne — information i ina convenient and sufficiently accu cee form. : a 


— 
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DISCUSSIONS: 


PILE-DRIVING FORMULAS 
PROGRESS REPORT OF THE COMMITTEE ‘THE 
VALUE OF PILE FOUNDATIONS 


BY MESSRS. TRENT R. DAMES AND WILLIAM Moore, 
MAXWELL M. UPSON, , GREGORY P.’ TSCHEBOTARIOFF, 
; ROBERT F. ‘LEGGET, AND J JACOB | FELD 
| 
Trent | R. E. AND WwW ILLIAM W. 2 
Jun. Am. Soc. C. E. s20__T his Report i is notewor thy because of its exceptionally 
concise and f: fair- minded of a broad highly 


ject. 
more nearly a ‘proper e evaluation of the relative in importance of dynamic pile 
formulas , static formulas, loading tests than those pr resented in 


| 


this trend must be to continue, of dynamic 
> are restricted to drop hammers and single- -acting steam hammers will be | oh 
Bs 4 limited value at best. * Also, it is not clear how ho would be determined for 
-single- -acting steam hammers | for use in Eq. 17. 
‘As a test of the v alidity of driving for the of certain loading 
me: made under the supervision of the writers (including some made by | the: 
Uv. S. E ngineer Department i in the Los Angeles River Channel and at Sepulveda 
- Dam under the direct superv ision of the j junior writer w hile employed by» the. 
gov ernment) have been compared with two dynamic | formulas. _ The charts of 
Fig. 5 5 show a comparison between a “design load,” ” taken as 75% of the yield- a - 
point capacity determined by load tests, and “safe » loads,” given by both the 


ae _Note.—This Report was published in May, 1941, Proceedings. Discussion on this paper has appeared afi 
in s eam as follows: September, 1941, by Messrs. G. G. Greulich, C. O. Emerson and D. O. Northrup, ~~ 
Harry J. Engel, and John D. Watson; October, 1941, by Messrs. Robert D. Chellis, Lazarus White, John 
G. Mason, Carlton 8. Proctor, George Paaswell, and Abraham Woolf; and November, 1941, by Messrs. _ 
_ Howard T. Evans, William G. Atwood, Donald M. seesmeanedh Wallace E. Belcher, Clement ron Williams, — 
41 (Dames & Moore), Los Angeles, Calif. 
4 (Dames & Moore), Los Angeles, Calif. 
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“Engineering News” 


L 
ass 
which is rr in the Uniform Code of the Pacific Coast Building ( Officials Con- 7 
ference. In Eq. 470 all loads are in pounds and lengths in inches. Piles driven | 
with both single-acting and double-acting steam hammers are represented. In 
- general, the dynamic formulas show quite low capacities, which means that 
‘ emnalives quantities of unnecessary piling are used in cases where these formulas 
relied upon. _ However, the “Engineering News” formula gave unsafe loads 
in 16% of the « cases investigated; the modified form of the Hiley formula gave 


4 likely to lead to unnecessarily expensive construction costs. _ , 
Static Formulas. —It was stated in Paragraph A-13 that tests 
that the pressure on the side of a displacement pile does not increase directly 
with depth. The w writers would be extremely interested i in knowing more about 
o the details of these tests. . Do they include pressure cell measurements? Al- 
_ though the soil pressure on the side of a pile may not increase | in direct propor- 
* tion to the depth, it would be reasonable to expect the pressure to increase in 
_ Proportion to the shearing strength of the soils, thus enabling these pressures to 
“be least approximately evaluated. 
: * In . this connection, the writers have developed a procedure which has been 
cused to ee ‘the bearing aeons of about $2, 000, 000 w worth of of f different 


ss of tests on core samples, which tests determine the shearing strength and 

, the friction of the punstrated soils on the particular pile materials proposed. 7 
is assumed She failure of a may occur as the result of either a 


lateral pressure on n the surface of the vile is to ‘the natural over-_ 
‘aie of the soil mass. ss. In the case of displacement piles, during the driving : 
oof which the soils are pushed aside and remolded or r compacted, it is assumed - ' 
- that the lateral pressure ‘on the surface of the piles is equal to the ultimate a 
permanent passive pressure of the soil as limited by its ‘Shearing strength. 
p: passive pressure is taken as equal toa quantity between wand 2 times 
shearing strength, depending upon the character of the soil. a 
The results of the calculations based on this method of are 
- presented i in the form of curves Tv the lengths | of various types of — fe ae 


1941 

i 
7 a) ee 
- and a modified form of the Hiley formula— ; ay 
| 
| 
| 
a = 
* s 
— 
> 


illustrates such a set of curves. The factor of safety. to be for 
_ termining the design loads from these curves depends upon the type, flexibility, 
A and importance of the structure, as well as upon the extent and completeness — 
of the investigations and the uniformity of the soil conditions. . ee 
: e The accuracy of the capacities calculated by this method has repeatedly 
verified by loading tests to failure 7, 8, 9 illustrate three such | 


Shown nare the test setup 


and the joad-settlement curves obtained (Fig. 9). 


poury in each « case e (weight ram, 5, 000 Ib, and 36 in. the. energy | per 
_ a) blow being 15, ial ft-lb. . The capacities | iti some time before th the per- 


(a) CREOSOTED WOOD PILE; 


™ Cap 


Stress in Pile at Mid- Section, —- 
Lb per Sq In. 


NS ~ __inlbperSqin. 


ING oF ‘Driv EN PILEs (Curves REPRESENT VaLu ES) 


formance of the w Sistine tests s from ai analyses of ‘the shear and fr friction tests) are 
indicated on Fig. 9 so that the yield-point bearing capacities determined by 
the field-loading tests may be compared with the calculated capacities. — In 
‘computing the design capacities the temporary si support of soft soils was taken 
a aes account, and the curves of ere capacity made allowance for the 
mentioned in Paragraph A-14 that met methods. of obtaining friction values” 5 
; 2 heave | already been described.” ‘This description cannot be found by the 
in the Committee’ Report, but iti is that the methods 


a reported values of “py . give average shear or friction values (or both) for 
“the type and of pile tested under the local field 
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4 
| 
nce of the test piles (Hig. 3), 
The test loads were applied | 
q and the settlements were 
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DAMES AND MOORE ON PILE FORMULAS Discussions 
" Test Piles, Tests, and Gentes Records. —Asa a loading test on a . pile can can mea- 
¥ "sure only th the wr of the pile to carry load before slipping xeecerptaipagion the 
suppor a load” 
test is of little or no direct value ue. Iti is essential that a complete losd-versus- 
settlement record be kept using 1g small increments of load from zero to failure 
and that the time-rate of settlement of the pile under each increment of load, 
and also the additional increments of settlement with repeated rebounds (that — 
is, the removal and reapplication of a given test loading), be known. — In this 
way only i is it it possible tos ascertain the load that first causes progressive settle- 
‘ment. - Accurate measurements of both the 1 rate of deflection and the loads 
enable the completion of of a test within a reasonable length of time and permit 7 
the plotting « of smooth test ¢ curves s that ¢ can be interpreted reliably. _—— 
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Bie a more or less irregular a ragged test curve (2) the tendency to ‘apply the 

_ loads in large increments results in only a few tent points being available : for 

_ plotting a complete curve; and (3) the weight of the material that must be- 
- - moved i is so great that it is very -y seldom | economically possible to obtain a num-— 

4 3 ber ot rebound tests sufficient to ascertain the behavior of the a: 


mae Hydraulic jacks operating against an adequate reaction may prove § satis- 
- factory, but because of the frictional drag between the jack cylinder and the 
piston and cup washer, the calibration is seldom reliable for movements = 
ing both extension and retraction of the ‘The use of jacks, 
with accurately ealib 


writers to be much more satisfactory than ‘thes use a either dead. weights | 
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hydraulic jacks. Anchor piles have been spaced at distances varying from 3 4 4 
Ra ft to 12 ft from the test pile with no perceptible differences in test results. — a = 

The use of micrometer dial gages on reference bars is believed to offer the tt 


; best means of obtaining accurate settlement measurements. Although the use 


‘Computed Safe Design Capacity 


in Inches 


| 
STEP. TAPERED CORRUGATED 
STEEL SHELL, FILLED IN PLACE 


Settiement, 
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Cunvas (LENGTH OF 60 Fr) 
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no appreciable je disturbance have bee observed by the writers 
| — idltil is believed best to maintain each load in increment until the settlement 
_ stops, or until a definite } progressive settlement indicating ‘the failure « of the pile 


is observed, rather than to increase the load at arbitrary time intervals. — When en 


“necessary, it is best to maintain uniform or r geometrically i increasing time ion 


ay vals (for uniform load increments) during the entire duration of the test in 


7 — to obtain a smooth and continuous test curve from which a yield point 
If the time intervals are varied irregularly for different loads, 


¥ Fig. 9 demonstrates that the load which caused a permanent settlement o of 
0.01 in. ton (the criterion mentioned in the Report for determining the 


= load from a load test), i is far in excess of the safe bearing. ng capacity or or 
yield -point strength of any these piles s. The application of this rule of 


— thumb: would permit the use e of from 180 tons to 220 tons per pile, whereas the q ; 

An example in which 0.01-in. settlement | per ton ‘of load determines an 
st bearing capacity has been offered by G. P. -Tschebotarioff,* M. Am. 


Soc. C. E. The load-versus-settlement the test ‘shown, signifies 


_ per ton at the design load of 60 tons. The building constructed on these ae 

observed to have settled 1 more than 10in. 
On the other hand, in the case of a field Sonia test performed on a driven — 


cast-in-place concrete Pile, as part of a foundation investigation on a site i in 


| 
| 
‘| 


tically ‘aero, ‘The calculated yield point load was 30 tons, the “yield no of 
a r ’ the load test was approximately 33 tons, a design load of 20 tons was ; used, and 
Although the value of 0.01 in. per ton ‘might be satisfactory as an approxi- 
mate indication of the capacities of certain piles. in certain soil conditions, it has 
_ been found unusable by the writers who are completely « convinced that a Toad 
a test, to ) be interpretable, n must be performed i in a manner sufficiently accurate 
to permit the determining ofa yield point from the shape of the « 
This discussion has been limited to the subject ma: matter of the Committee’ s a 
‘ _ Progress s Report: which is, in effect, the determining of the bearing capacity of 7 
single, ‘isolated pile. ‘Itis hoped that the Committee will eventually accomplish 
this first step and then proceed to the solution of the main problen—the pre 7 


3 a ‘porting capacity of pile foundations composed of groups of piles. ees 


~ 


“Settlement Studies of in ” by Gregory Tschebotar ioff, Transactions, Am. Am. Soe. 
E., Vol. 105 (1940), Fig. 14 937. 
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MAXWELL M. Upson, “ M. Am. Soc. C. E. is the e writer's under- 
‘standing that the object of this Committee is to provide s a Manual of Engineer-_ 
ing Practice for engineers engaged in pile driving. a would seem that, in . 
order to attain this end effectively, the simplest. possible and informa-_ 
tion should beadvocated. 
The authors of Report. A seem to have deviated widely — this s principle. 
It is s interesting, of course, e, to those who desire to g go into involved nein Aa 
to develop formulas based. on assumptions; but i in the writer’s opinion the place a 
for this material is in a textbook rather than in a Manual of Engineering Prac-_ 
tice. If this principle i is accepted » most of the equations in Report A should 
be eliminated, since ‘they may serve to confuse those who are not skilled in a 7 
pile-driving engineering g. Ifthe Committee wishes to recommend a particular _ 
pile- -driving formula, or possibly several formulas, it should publish them in S 
: a form in which experience has demonstrated they could normally be used in i 
- connection with the pile-driving operation. Each formula should be accom- 
panied by a clear statement. of ‘its usefulness and limitations. In order to 
: present t the material i in th the Report i in a dependable manner, it w ould s seem that 


| = are several statements in Report A that should have further. considera- 


fiom by the Committen, 

as Report A indicates to the average . reader that there is a desire to “sell” 
: Eq. 9 to the engineering profession, whereas it is well know mn that t the “Engineer- R 
ing News” formula (Eq. 6) is the most widely used and generally accepted. =~ > 
There is the implication in Paragraph A-6 | that a perfectly elastic impact is — 
Man unwarranted assumption.” In Paragraph A-8, , the assumption of a 
ae inelastic impact is made i in the derivation of Eq. 9, and this is sub- 
sequently referred to in Paragraph A-12 as a ‘ “reasonable assumption.” The 
fact is that the impact in pile driving is neither f perfectly elastic nor perfectly 
inelastic, but is ‘somewhere between the two extremes. if it is “reasonable” 


to assume one extreme, , it is equally reasonable to assume the other. 
either case, th the ‘principal purpose of the assumption is to simplify the final 
4 


This same type of nemeneney is evidenced in the last sentence of Para- 


a 


graph A- 6, which implies that ‘ “substituting constants for widely — varying ’ 
7 factors” in Eq. 5is wrong. In Be 9 the values of k are determined by Eq. 11. _ 
In this there are three factors and these refer to the cushion block, the pile, +? 
and the soil. i is we ell known that all three of these factors that occur in 
driving operations vary over a wide range. In consequence, the constant 
used in Eq. 9 “may prove mo most. misleading, since it is labeled a “reasonable 
assumption” in Paragraph A- 12. Against this recommendation 
tis the ‘writer's 8 apprehension that the presentation 0 of complicated formulas — 
such as ; Eq. 9, requiring so many assumptions, may well lead the uninitiated | 
engineer astray. . It would seem that in Report A as written the Committee 
is trying to prove that t Eq. 9 i is the only pile- ‘driving formula that is based on 
reasonable assumptions. Actually there are as many doubtful and unwar- 


Pres., Raymond Concrete Pile Co., New York, N. Y. 
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_ assumptions in Eq. 9 as there : are in any other pile-driving formula in 


existence. _ The real danger i in the use of pile- driving formulas like Eq. 9 lies” 
in the fact ‘that the formula looks ‘authoritative | because it it appears to take into 
account all the variable factors that are involved. 
Those experienced in pile driving know that, under certain conditions, 
Eqs. 8 and 9 may be 1 very ; misleading. _ a the w eight and rigidity ¢ of the driven 
‘member are not sufficient to . avoid lateral vibration and to carry the impact 
stresses down to the ma material to be penetrated, the actual penetration per | blow 
is of little value as an evidence of the « carrying power of the pile. - This vibra- 
aif tion or oscillation is so serious under some ground conditions that | light- -weight 
a show less penetration per blow than much — heavier piles of sufficient 
‘strength | and mass to resist | oscillation and * carry the effectiveness of of thet blow 
to the material. These facts completely “contradict 


‘that hard of ‘material are encountered that must 
“penetrated, it is necessary to use a ¢ core or driving ; medium of considerably 
heavier weight than the moving part. of the hammer. In carefully made 
tests—driving pipes 100 ft long—it was found that the slight 
difference between a pipe 0. 307 in. thick as ; against 0. 259 in. resulted in a 
penetration of the 0. 307- in. pipe into the hardpan about 3 ft farther than “7 
0. 259 in. _ This resulted in. increasing the allowable load on | the thicker | pipe 


hig 


= 


the hammer is less Sor the than for the pile v w hich 
——— (as indicated previously) i is directly contrary to the principle : set forth i in Eq. °. 
This principle may well be understood | Ww hen applied to the driving of a very 

light- weight shell on which the blow i is transmitted to the thin shell itself. 

& An examination of motion pictures’ shows clearly the oscillation of the lighter. 


44 shell under the ‘impact | of the hammer absorbing a part of the blow. ale 


— es This may be a new concept to some engineers, but it can be understood 


a hard stratum near the a thin steel shell when or 
: ‘meagerly supported for a large part of its length * It is obvious that the vertical © 
_ blows are dissipated in lateral vibration and bending, so that comparatively 
pond i. little force is conveyed to the material that is to be e penetrated. _ This principle 
i undoubtedly has been the cause of some of of the settlements of light steel shells 
a ae that have been driven to a final resistance normally ‘expected to have assured 


Almost two-score years of experience, with difficult pile-driving operations 
all over a on have convinced the writer that pile - driving i is by no means 


piles driven the requirements of the “Engineering News” formula, 
good common-sense methods have been used. The few 
ee that have occurred were due to other factors that had not been taken. into 
piles of inadequate structural rigidity or strength; 
ie. : lack of borings which would have disclosed underlying soft strata; excessive 


— 4 
ee 
q | 
a 
> 
4 
q 
— 
‘ 
— 
== 
&§ 5 


& 
December, 


loading of the topsoil aurrounding the piles; the ations away or the loosening 
of f the penetrated material by adjacent operations; and the complete i ignorance 
or omission of soil analysis. 
‘The a art of pile driving cannot t be reduced to a problem of of ‘mathematical 
equations. 7 It is the development of practical e: experience and sound judgment. 4 
For that reason, it is hoped that the Committee will recognize this. fact, so” 
that the proposed Manual will present the problem of pile-driving dynamics i in 


a manner that will be simple and practicable to the practicing engineer. 
Grecory P. M. Am. Soc. C. E. Report reflects: 
the present diversity of views on the subject of pile- driving formulas. It 
7 provides a good basis for a discussion of this controversial field and should 
‘stimulate a critical attitude in a domain » where so much has been n blindly 
In its present form the Report is essentially a compromise, although two 
‘separate reports have been submitted. — Each of them (especially Report A) 
seme to have been influenced to some extent by the point of view expressed 
bbs the other. As a result, non-specialists seeking to find guidance in this 


Report. may receive a rather confusing general i impression. :. Therefore, ‘it is to 


the numerous points both in Report. A and in B. 


With this end in mind, the w riter offers the following critical suggestions con- _ 
cerning such possible merging: 


(1) In the writer’s opinion, a proper evaluation of the function and purpose 


of a pile-driving formula is given in Paragraph B-6: He - 
aes oe dynamic pile-driving formula is nothing more than a yard- 
stick to help the engineer secure reasonably safe and uniform results over 
_ the entire job. The use of a complicated formula is not recommended 
: | since such formulas have no greater claim to accuracy than the more 7 


aragraphs B-1 to B-5 are sufficient to clarify ’ this | statement and should onal 
be retained in the final report with perhaps only a few additions of x minor im- 
-portance—for instance, some items from Paragraph A- 3. 
Report A, on. 1 the other hand, has no clear-cut general approach to the 
y importance. Thus, Paragraph A- 2 
7 recognizes that ‘all pile formulas are ‘ ‘approximations” and subject to ‘ ‘certain: 
limits and co conditions.” ~ It further states: “Unless these limits and conditions — 

- are thoroughly understood * * * the use of a pile formula may be dangerous.” ” 
Y et it does not specify i in detail what the limits and conditions are, the knowl- 
edge of of which may help engineers” to ) avoid danger. Paragraph A- —3 | “Ths 

mentions a few, but does not nearly exhaust all of the possibilities. * This 
; paragraph | may even be misleading in its implication that ‘ ‘perfect”’ dynamic 
formulas may exist. § Furthermore, the undue “emphasis placed ‘on various 
os individual dynamic formulas in paragraphs A-4 to’ A-12 tends to strengthen | 


_ this erroneous impression. Therefore, in the writer’s opinion, paragraphs A—4 


wa 


Soils Consultant—Moran, Proetor, Freeman & Mueser, Cons. Engrs., How York, N.'¥.; 
Civ. School of Eng., Princeton Univ., Princeton, N. 
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| | 
to -12 could well be discarded in favor Paragraph B-10, which h recommends: 
field measurements of elastic and othe — oefficients for use in a any formula in 
preference to office calculations of these _antities. Paragraph B-10, however, 
might well be expanded to cover the m_ hods of such field measurements. _ oo 
asm (2) The title of Report A is “Pile: uas,’ ’ and that of Report B 


Pile Formulas and Pile Tests” ; yet pa gra hs B-13 to B-15 provide much 


less data on the s subject of actual pile test 1 ag t’ an do paragraphs A-16 to A-23. 
Therefore, this latter part of Report A is to be recommended for | inclusion i in 


e final draft with some additions and changes. 


yor 


_ The importance’ of precise instructions details of ‘pile- testing 


ase in Egypt i in which a contractor Fae 200 tons ona 27- -ft long single cast- 
in-place pile that was supported by a deep bed of stiff plastic clay. ~ Under 
that load, Zero settlement was then claimed, measur ed to 0.01 in. It was 
Bs) however, that a lever indicator, which was ‘supposed to . magnify, 
the actual settlement, had its fixed support within a few inches of the skin of 
the pile-obviously settling together with the pile. © This does not appear t to be 
an isolated case. ~ Thus, contrary to the: very proper instructions of the p present : 
Paragraph A ~22 concerning this point, | an important and reputable museum - 
in a large city of the Middle-Atlantic seaboard in the United States displayed 
as “model” test pile i in 1938, the s e settlements of which were § supposed to be mea- : 
sured by an Ames dial placed on the ground surface next to the skin of the pile. 


‘ = (3) Paragraph A-14 gives data for the evaluation of the frictional support 


= 
goalie 
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of piles. The danger of relying on friction where more than one pile c or a small 


7 a ing and co compressive Adecnativnn' in the soil around and beneath the pile. 
__ The writer observed the following ex treme case that will illustrate 
45-ft long, -cast-in- -place concrete bore pile was sunk through 10 ft of 
~ fill and 30 ft of stiff clay into a fine silty sand layer. | ‘Comparative compressive 
strength tests on undisturbed samples of this clay ‘showed that it was not 
unfavorably affected by remolding. ~The sand layer was fairly loose originally, 
and the sand below the base of the pile may have been further loosened during © 
the sinking of the bore pile. % During | ‘a test the load-settlement curve at fn 
had normal characteristics, showing a gradual progressive increase of the settle-_ 
- ments (which reached 0.25 in. under a load of 42 tons), , when a. sudden drop of = 
1. 5 in. was observed. — A further i increase of loading was accompanied by much 
smaller settlements than prior to the sudden drop. 
had happened was obviously this: At first the pile was: supported 
om merely by the shearing resistance of the stiff clay, which interlocked with the - 
‘Fugged skin of the pile. The settlements were caused by the. shearing» de- 
_ formations in the clay, the loose‘sand at the base offering very little resistance. = 
| ES a total load of 42 tons the shearing stress along the skin of the pile reached 
average value of 350 lb per ft, and the pile sheared through the 


— 
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— = 

sistance, which are assumed to have fixed values for a definite type of soul. 
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the sand was able to support most of th: The further smaller settlements 
° 
: with continued loading were then ma) y due to compressive deformations in _ 


‘The foregoing extreme case serves» illustrate the following facts: 
(a) The total load carried by @ pi Ne will represent the sum of the supports a 
provided by the soil around the ti. “ough friction or shearing resistance and 


we 


by the soil beneath the base throygh ‘ysistance to compression. 


(6) The values of both types ‘of ‘support are directly related to the deforma- 


tions in ‘the coll and to the settlement of the pile as induced by 


| the state of soil. 

dergo considerable compression, increasing its resistance. 
pact sand | will behave differently. It may undergo very little deformation 

before its resistance reaches. ‘@ maximum, after which its resistance to compres- . 


will decrease due to shear failure under the pile base. soft plastic clay, 


_ ‘especially if further weakened by 1 remolding, may give very little: ‘frictional 


Ty support to a pile, but this support will not vary much with the pile settlement 
5 and w with the resulting | shearing deformation i in the clay : after a maximum re- 
sistance has been gradually reached. | On the contrary, a stiff clay, especially 
#4 it is of a type not. unfavorably affected by remolding, will quickly reach _ 
of its shearing resistance, after which this resistance will decrease 
rapidly w ith further deformation. Therefore, the settlement at which the re- 
_ sistance of the base reaches its maximum may be different from that at which 
the resistance of the soil to shear around the skin of the pile i is at its maximum. . 
a In most practical cas cases s piles are not embedded in deep homogeneous 
a BB ricco and the rigidity of of the different nt soils: supporting a pile is n is not uniform 
q or constant. It follows that a static formula cannot ignore the possible va varia- — 
tions i in the stress- strain r relationship of soils around a a pile as this ha has been n done 
i end The resulting present uncertainties appear to be better expressed by 
Paragraph A-13 than by the corresponding paragraphs B-8 and B-9. 


statements of both Reports: concerning the danger of estimating 


the bearing capacities of pile clusters from any pile formula or from the ene 


Wate 


q 
find a common basis fora necessary merging of the two Reports. » This merging 


appears possible : since their difference seems to be more in manner of expression 


than i in different points of view. 


Ropert F. Assoc. M. Am. Soe. C. E. ‘o__The publication of this” 
‘interesting Report is presumably a preliminary step toward the preparatior ie 
of the Manual of Engineering Practice, referred to by the Committee in the 


Asst. Prof., ‘Dept. of Civ. Eng., The Univ. of Toronto, Toronto, Ont., ‘Canada. 
ste * Received by the Secretary November 17, 1941. 
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“Foreword. ” In view of the nature 
be restricted to pile are =4 


in the to describe the wile to foundations in 


as “an orderly presentation ¢ of facts on a a 
7 by an analysis of the limitations and applications of these facts. a contains 
information useful to the average engineer in his every-day work ae 
; _ Manual on Pile Foundations will be very w idely Ww elcomed, in view of the i im- 
portance foundation work. ‘Surely, therefore, any such Manual must place 
~ pile foundations in proper perspective, in relation to foundations as a whole, 
and not present them as indispensable to foundation. practice. Ss a 
vi _ Two} factors lend added urgency to this necessary feature of the } Manual. 
a Many « engineers will know of « one or two examples. from practice in which - the 


e of f bearing piles a as foundation units did 1 more harm than w 


Manual prepared Not only does the average engineer 

~ know this, but he is subjected constantly to the influence of the attractive sales 

- promotion activities of commercial enterprises specializing in some branch of 
— Piling work. No exception can be taken to these activities in general; the, 
; are ‘mentioned by v way of contrast to the fact that the e engineer in general p prac- 


that there are m many "foundation problems in the which 
bearing piles should not be used. if the prospective Manual is to serve its 
_ purpose effectively and present a truly objective survey of pile foundations, = 
then this limitation of piles as foundation units would seem to be an essential 
order to whether bearing piles should or should not be used 
foundation elements i in any design, it is imperative that the nature of the soil 
at the prospective site be known to a depth of at least twice the width of the 7 
_ structure proposed. _ Therefore, an adequate program of test borings is an 
essential preliminary to the decision to use bearing piles in 1 all general founda- 
Bes _ tion problems. This matter i is dealt with, very belay, in the “Foreword’ * to 
= _ Report; it is naturally not mentioned in Report A on ‘ ‘Pile. Formulas”; 
oy a _ Somewhat ‘Surprisingly it is not mentioned i in Report B on “Pile Formulas and 
- Pile Tests,” even in connection with the useful description therein given 1 of the _ 


of piles. it is r the results of a test load on one 


Proceeding to next step in logical foundation if it is that 
_ bearing piles must be used to support : a a structure, and that they can be used 


_ safely in this manner, then it is necessary to know in design what load « can be 
taken each 
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_ calculation, based on a ated the properties of the soil surrounding the 
pile and of the ms manner in which this soil assumes the load. It is not yet pos- 
‘sible to make such calculations accurately. - An interesting and ‘suggestive 
approach to this problem in soil mechanics, however, is to be found in a paper 7 
in 1939 by of the University of Alberta, in n Edmonton, 
of in n Toronto, Ont., ‘Canada, but has had to be 


discontinued for the duration of the war. 


loads appreciably greater then that for This is 
to the routine testing of of all the structural materials that go into superstructures; 
it is logical; it is economical; it is definite. a The latter section of Report Bi wa 
pile. It is short, and oud be expanded ‘profitably before incorporation in 
Ps any Manual issued | by t the Society. More attention should 1 be given to — 
° interpretation 1 of the results of a loading test, , and much more emphasis placed | 
onthe fact that the maximum safe load on one test pile will never be the max i 
mum safe load on single e piles driven in clusters in the same soil. ae te, 
_ _ What, then, of pile formulas—for, if the procedure outlined is followed, all 
' necessary d data for the design of a pile foundation will have been obtained. 
There a are quite « a number of students of foundation engineering who would be — 
- content to stop at this point and give | no attention to formulas at all. a 
writer cannot subscribe to this extreme position. (See, for. example, 
Morrison’s paper and discussion. In the first place, it i is always 
if not essential , to be able to check the penetration of the various piles of a any 
- group, especially in in relation to the corresponding test pile penetration. . Ad- 


fa mittedly it is not necessary to have a formula for this ’ purpose if the same driv- _ 
‘ing equipment is used, but a formula is necessary if different pile-drivers are 7 
used either together, or for test and service piles helpful 


‘illustration | of this use of pile formulas is on record.** Sob. 7 
‘In the second place, in ordinary civil engineering pr actice, iia are a large 
| mnt jobs sc so small in themselves that they do not warrant the expenditure | 
of any money on subsurface exploration provided t that local foundation condi- | 
tions and practices ar are well known, and know 
On work of this nature, and only on work of this nature, does there e appear to 
be any justification for the use of a pile-driving formula for determining, ap- 
proximately at best, the safe load that may be put upon a bearing pile. _ Even — 
this use of pile formulas, if intelligently applied, is so conditioned by necessary 
- precautions and restrictions that it is no “easy way” to safe foundation “a, 
In view of this, attempts to ‘ ‘simplify” the Hiley formula (reflected, to na 
extent, in Report A) appear r to be not only unjustified but also unwise. Dis 
a It will be seen that the writer regards pile formulas as of relatively minor 
importance in the design of | pile foundations. In view of this he purposely — 


refrains from discussing in any detail the recommendations i in Report A, fesing ae ; 


‘7 “The Fundamentals of Pile Foundations,” by I. F. Morrison, Engineering Ostaber, 
1939, pp. 431-434; discussion, February, 1940, pp. 63-64. 


= ‘8 “Steel Sheet Pile Wharf at Rimouski, Quebec,” by J. P. Civil December, 
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strony that this 3 section of the Report serves merely to bolster up the ~~ 8 
importance 80 generally attached to pile formulas. It was inevitable, perhaps, ti 


hat two divergent reports should emanate from the Committee. . The w writer 

would like to express t the e hope t that, as a result of the publi discussion of the 
dual Report, ; agreement may be reached in the near future by the , relegation of 
pile-driving formulas to their proper place as useful, but very limited, calculat- 


ing aids in the construction of some pile’ foundations, after it has been found 


that bearing piles can be, ‘should be, employed as 


JacoB FEL LD, 49M. Am. | Soc. C. Report presents 


static tests of Spc piles 1 be reid to check the assumed pile anew! in 


Report B B lists references vhaene ees various formulas can be be found but makes tt 
‘mandatory static testing of piles as the only determination of their bearing ( 
value. Since all formulas are really mathematical | expressions of a dynamic 
test during pile driving, except the formula that is based solely o on the theoretical 
_ skin friction of of a pile, the true difference between the 1 two reports 1 is whether © 4 
7 the design of piles shall be based on a 1 dynamic test as checked by the s static . 
7; _— test, or on the static test alone ‘Throughout both Teports, and especially | the 
_ “Foreword,” there seems to be too much expression of alarm concerning | the | —_ 
bearing value of piles. Perhaps this is due to the assumption that piles are 
foundations. In the “Foreword” a” there is the expressed | statement that the : > 
- soil is just. as much a part of the structural design as is the framework or floor r § 
‘The writer. disagrees with these statements and looks upon the soil as as 7 


r instance, the concrete, steel, or titnber members are designed—that is, 
or sizes and materials are chosen from a mathematical operation based upon as- 
., sumed loads. The soil is not designed, but is found i in position, and an n attempt y 
ie must be made to evaluate the characteristics of the material as found (or in 

some few instances as modified by either physical or ' chemical means) i in order : 
= that the static equations of equilibrium « can be used. | Of course, soils are od 


uniform, but that in itself cannot be taken as a cause for alarm or an excuse 
for not attempting to evaluate their characteristics properly. Concrete, tim-— 
ber, and even the ferrous metals are not uniform and ai are even influenced by a- 
a time factor. It has taken a great number of years 0 of experience, trial and © 


a a and experiment to reduce the amount of non-uniformity. In some a 


\ 


— 


stances the only advance has been to determine the limits within | which 1 char- 
hese materials be relied upon. 
ok. “ed Just as occurs in the testing of concrete, timber, and steel, the testing g of 
samples, even with the most modern methods, depends upon the tester 


as upon the type of Considerable of the" variation reported in 
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‘soil sampling and soil testing is the human element. 
tion between the approximate analyses of soils made by visible methods by 
two men of f long experience with soils than between the results | of two separate 
laboratories operated by different ‘men. One instance, | as an an illustration, i is 


fas meng of shear tests on clays, where samples were t taken from the 


identical mass and sent to a number of laboratories in the spring , of 1940 by — 
the American Society for T esting Materials. 


Personally, the writer would prefer to have the Manual covering } pile- 
“driving formulas include a definite formula for granular soils, a definite formula 


for plastic soils, and a definite formula for such conditions as end-bearing piles — 


in which no lateral restraint or resistance is to be expected. j 
In all of this, however, it must be emphasized very definitely that the piles i 


in themselves are not a foundation but a means of transferring the load to such 
— or layers of soil as can take the imposed load safely within the limited 


» 


values of settlement. _ The recommended formula (a simplification of Hiley’s - 
formula) is basically of the same type as the “Engineering } News’ formula. 


Of. course, there is a reduction of the assumed factor of safety from 6 to 3. 
There i is also a more careful evaluation of some of the variables that are e sub- 
stantially constant characteristics for certain cases. . However, the writer does 
not believe that any more accuracy can be obtained from the recommended 


formula 1 than from the “Fnigneering News” formula, if the e designer - does not ‘s 
have sufficient knowledge to evaluate the factors in each. 


a seein record of foundation failures where piles have been used 1 seldom sh shows | 


a case in w sri the cause can be placed 1 upon 1 the: use of an improper formula, 


> 


been 1 relied 1 upon. In case the real trouble w was 
t the assumption made by the designer as to what existed below the surface. cow 
4 _ Dynamic load tests are useless i in plastic soils. Static load tests will give 
some dangerous results, even if conducted over a period of time, in plastic 
_* Either type of test is satisfactory in granular soils. 
The foregoing statements : are made without: even ¢ considering the effect on 
the the results of driving adjacent piles, loading adjacent piles, or even incidental | 
excavation i in the vicinity of the test pile. 
‘ A One criticism of Report. B can be seriously made as referring to Paragraph 
; , 15. The requirement that the allowable load on a pile shall not exceed one 


half of the load at failure should be defined more carefully, since (in the writer’s 
—_— a" for piles i is a a function of settlement and not a physical failure 


load reached during the test. - Such maximum load can be far in excess ‘of one : 

- half o of the failure load if the test is carried to a point just below failure. © In | 

— any case, the allowable load should be limited by the desired settlement and 

be further limited to only a percentage of the desired of 


ow 
— 
| 
_ with the assumptions made for the application of the formula. There certainly 7 a 40 
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— 
| 


is hope 
- mendations for the lateral resistance of piles and also some, even approximate, 
= of evaluating such lateral resistance, as well as the pull-out strength 
_ of individual piles and of clusters. 
The Committee is to be commended for its frank statements in declaring 
_ that the problem is far from solved and requires the collection of considerable | 
field data before definite conclusions can be drawn. 
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—Mr. Hill is to be 
commended for his pap ner. ‘He has a solution one of the most per- 


source or sources of t the resultant mixture of water. — Heretofore such solutions — 
“were dependent upon the method of trial and error. 
Another, and perhaps more important, development ir in the paper is - 
method of forecasting what : may happen to the soil complex because of the u use | 
of water of varying character. If this forecast is is applied to to one of the local 7 
The ‘paper uses the w ords ‘ s “character,” ‘type,’ and “quality” synonymously. 
‘Misuse of these terms is common. The writer, however, believes that they 
_ should not be so used. te ‘Character” i is the ‘ - “relationship of the ions contained 
in the solution on,” one to another and to the w hole, and “type” is applicable as 
a subclassification | under “character,” whereas ‘ “quality” is =" ‘relationship 
of the concentration of dissolved minerals of other impurities.” 
_ The writer has been studying the character, type, and quality of well 
waters pumped from the Los Angeles Coastal Plain for a number of years.!2 a 
‘In Southern California consideration of domestic waters must include agri-— 
cultural and industrial applications. The writer proposes four character types: 
Two types of carbonate water, a sulfate type, and a chloride type. These | 


“characters” are defined as fo ows: 


OL Carbonate W aters —The weak acids exceed the strong acids; alkalies © 
exceed strong acids (no non- -carbonate hardness) : (COs + H COs) exceed 
+ (Na + K) exceed (C1+S0.). 


,,,_ Nore.—This paper by Raymond A. Hill, M. Am. Soc. C. E., was published in June, 1941, Proceedings. 
% Discussion on this paper has appeared in Proceedings, as follows: September, 1941, by ol Scofield, Esq.; 
and October, 1941, by Messrs. Herman Stabler, and M.R. Lewis, | 


ane 
" Designing Engr., Southern California Water Co., Los Angeles, Calif Calif. 


ag 

ee. “Character, Quality and Treatment of Well Water Supplies of the Los pa Coastal Plain,” - 
by Louis J. Alexander, presented at the mesting of Engineering Division of the Society, 
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62. Carbonate Waters. —The weak acids exceed the strong acids; the earths 
exceed the weak acids (some non- -carbonate hardness): (COs +H COs) exceed 


(Cl + 800); ; and (Ca - ‘Mg) exceed (CO; + H | 


‘chlorides; 4 exceed weak (cl 80.) exceed (C (CO; 


+H CO3); (SO4) exceeds (Cl); and (Ca + Mg) exceed (CO; + HCO). | 


xceeds ‘sulfate; the earths exceed the weak acids: (a + exceed (CO; 
+HC (Cl) exces ‘exceeds and (Ca - Mg): exceed (COs + COs). 


is a much the proposed by Mr. 
but. it is believed, for ordinary uses, more satisfactory. ‘This classification om 


based upon the relative concentrations of the acid gre groupings rather than con 


co 4. Chloride Waters. —Strong acids exceed the weak acids and chloride 


imo. tion is s that, in the consideration of the peemreeery wr w vater, these rel: ationships — 

2 ae _ become important. — This is especially true of the waters in in sulfate and chloride 

po i A eine of study and classification developed by O. A. Stone, M. Am. 

ed a Soc. C. E., similar to that by Mr. Hill has been used by the writer for some 

ae years in the study of localized problems of some complication, but —_ methods 
= 


Mr. Hill suggests the need for further study. * The w writer believes that suc h- 
_ study - should also be: enlarged to to include 1 waters used for - domestic a and industri: il 
as well as irrigational uses. 
WwW Coins, 18 Esq. (by letter). —The new and original, method 
a treating the subject of salts in irrigation w waters that is so clearly advanced » | 
‘3 ‘the author will | undoubtedly prove a useful tool in the hands of f those who like 


to odeal with phy sical and chemical phenomena by means of gr raphsa and equations. 


Graphic Representation: of Analyses.- —Pe ersons not in the habit of using 
triangular coordinates may be discouraged by. the apparent complication of the 
_ system proposed by Mr. Hill. _ The system of graphic representation of water | 
- analyses used mainly by the U. S. Geological Survey" is based on analyses i in | 
terms of equivalents per million, as is the author’s system. i igs. 4 to 9 will ‘ 
_ afford a basis for judging | Mr. Hill’s method. It seems to some obser’ vers th: at 


the relative concentrations of the different ions ina w ater and the chemical 


The properties Z, of Mr. Hill’s can be read from. the 

Survey diagrams. equivalents per million n the Z, term is the total quantity 
of sodium when this i is less than the chloride, or the total quantity of chloride — 

@ the chloride is less than the sodium. = The Z, property is the total quantity 0 of 
14, bicarbonate and sulfate if this is less than the total of the calcium and ‘mag- | 


“nesium, or the total of the calcium and magnesium if this is the sr smaller. The 


18 Chf., Div. of Quality of Water, U. S. Geological Survey, Washington, D. 
13a Received by the Secretary October 15,1941. 


“Graphic Representation of Water Analyses,” by W. D. Collins, and ing Chem- 

istry, Vol. 15, 1923, p. 394; also ‘‘Notes on Practical sis,” W. D. Collins, Water Supply 

Paper No. 596-H, U. S. Geological Survey, 1928. 
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Zs according to utes the chloride i is s less eee or r greater than, ‘the aiines. 

- These measurements give re the different properties in equivalents per million, 

— can be converted promptly to percentages by dividing by the total height 
the diagram. ‘The Z3, and Z, properties are in Figs. 6 and 8 Ps 
show the a analyses of Fig. Tables 1 a: and 2. = 


2 analyses to the sam re height and representing the concentration of total salts by 
_ Miztures of Different Waters.— —The fact that water M is a mixture of the 
- prem three (which is shown so clearly by the graphs in Table 2) would not be ~ 
apparent from the analytical al results tabulated in equivalents: per million or 
shown in . Geological Survey grap graphs. s. Granted that the one water is a mixture of 
the other three, the average person could probably compute the relative 
quantities of e component waters } more dh by the us use of wd three ¢ of the 
Changes in —The shown i inT Table when plotted accor rding 
to the Geological Survey system (Fig. 7) | seem likely to, give | to the « casual 
4 observer a clearer picture of the changes i in character of the water along the 
Like Tabl 3, the Survey plot show ows an increasing of 
river. Like Table e Su ey P s easing | 
soluble from Del Norte to, Fort Quitman. water at Del Norte, « of 
course, is excellent for allt uses. total quantity of dissolved m mineral ‘matter 
is snot large and the percentage of sodium is small. Increasing quantities of all 
mt the soluble salts appear | at Lobatos and Otowi without much change i in the 
chemical character of the waters, although the increase is more in calcium: and 
magnesium and bicarbonate than in the other ingredients. by From Otowi to San 
Marcial the water changes in chemical character. ; _ As far as Otowi the bicar- 
a bonate is the predominating anion an nagnesium 


and the ealeium and ‘magnesium together 

_ make up a very large percentage of the cations. — To this point the water of the | 
to San Marcial is insignificant. ~The largest relative increase is in 
— sodium and sulfate although — the chloride and calcium increase appreciably. : 
‘The general character of the water remains practically unchanged from San 
Marcial through El Paso, -Fabens, and Fort Quitman, the 
sodium, sulfate, and | increased greatly and» the calcium has 
increased moderately, whereas the bicarbonate remains at about the same level. Fi 
The noted are almost universally characteristic of waters 


> 


and the 1 is with distilled water, the calcium carbonate go goes 


es solution slowly and in small quantities, whereas the sodium, magnesium, and 

calcium chlorides and sulfates go into solution Tapidly. The calcium sulfate is 

os not so soluble as the other salts and appears -s to have more of a tendency to ¥ 


“The Significance of Geologic Conditions in Naval Reserve No. 3, Wyo.,” by W. T. 
_ Thom, Jr., and E. M. Spieker, Professional Paper Ne. 168, 8. Geological Survey, Washington, D. Cc. 
eee section on the waters of the Salt Teapot Dome unlit, by 


river is typical calcium- bicarbonate water. ‘The i increase in bicarbonate from 
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considerations more easily evident to the 


valley Salt Balance. —In order to consider salt balance shown in 
_ Table 4, the analyses of influent and effluent waters have been plotted according — 
; to the Geological Survey ‘system in two units (Figs. 4 and 5). _ _ They are shown 

- a first in ton. equivalents, as in Table 4. x To obtain a better picture re of the actual 
composition of the waters the two an: ilyses are also plotted in equivalents per 


: ‘million. A glance at the dia diagrams i in ton equivalents (Fig. 4) might suggest 
‘that the outgoing water was was lower in bicarbonate than the incoming ng water. 
The diagrams in equivalents per million (Fig. 5) show that the effluent water 
‘is more concentrated than the influent water in every constituent. The fact 
that the effluent shows fewer tons of bicarbonate and sulfate than the influent is 


due in part to the fact that the volume of the effluent is only 27 _— acre- - to 


i The discussion by Mr. Hill centering around the im 
isi ingenious a and interesting and leads to practical ‘eonctusions th that s seem oo 
it would appear that substantially the same conclusions might be 
"reached by direct consideration on of tangible quantities without resort to 
~ From the table of analyses or from the Survey diagrams (Figs. 4 and 5) it can or 
bes seen readily that the effluent salts (or w ater) from the plot v under considera- _ 
tion have a different character ‘from the influent salts and water. The difference 
2 not one of simple concentration as by evaporation of water, nor could it be a 
brought about by the normal phenomena common in sersavan” regions of _ 
calcium sulfate. Besides the relative TABLE ANALYSES OF INFLUENT 
increase as compared to AND Erriuent W ATER FOR AN por 


increase of sodium as compare 


calcium, and of chloride as compared Garep VALLEY Over A Pertop or 


bicarbonate, the diagrams show One YEAR; Wits Certain C Com- 
 PUTATIONS F FROM ‘THE ANAL- 


clearly, equivalents per mil million, 
shift. of the sodium-magnesium yses (RESULT ESULTS IN Ton = 
boundary i in relation to the chloride- 
sulfate boundary. In terms of hypo- 
water carries sodium sulfate and no 
chloride of magnesium or or calcium Ca...| 465 |122| 366 


Mg...| 166] 60] 89] 255 | 195 
and the ‘effluent water carries no =. 806 | 1,470 4,470 


332 |122| o| 332° 
terms the of water SO...| 576|60| 576 | 516 


0|1,261} 1,648 | 1,648 
show t the Z: property and the effluent | 


1,295 |182 |1, 


do not Wa 
or any loose unattached or unbalanced ions such as can be made to appear 


the an: ani results i in Table 


— 
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Discussions 

. a It is ineiebied that an actual irrigated plot of 15, 000 a acres does not act 
: ‘like. a glass vessel or like a bed of pure silica sand. ‘The action with respect to 
applied water varies from spot to spot in the area. The analyses J and E i in 
Table 4 give only an over-all picture of the relation of i incoming and = 
water and salts at a given time or over a given en period. — Assuming that the 

analyses” are. truly, y representative of actual conditions it appears that the 


influent water b aght into the area more bicarbonate and sulfate than the > 


water removed, and that the effluent Ww ater took away more chloride 


7 The simplest ¢ over-all solution of the problem would be to asst assume e that, some 


soil : and that the outgoing water removed sa some mun callie or r magnesium chloride 
omen the area. This can be set up as in Table 7 which shows, in ton equivalents: 


I, the constituents « of the ‘influent, water; 
: = R, the tons of calcium bicarbonate and magnesium . sulfate left in the are area, 


_ tale out of the amount brought in by the influent water; 


D, , the tons of different constituents ‘displaced from the store of very 
salts in the area at the beginning of the year; 


eo + D, , the sum of the influent salts and the salts displaced from 

~~ storage i in the ground (this might be called the over-all total 
of salts m moved into and i in the area); 
< E= = - EY — + the difference between the tons of salts moved into and in 
Nak a _ 7 the area and the tons of influent salts left in the ground; and 


=| 


— =D-R= E -1, the apparent over-all removal of salts from the area. 


Iti is obvious that any number of solutions can be made by adding equal 
ities to corresponding items in Cols. R and D. - Quantity E will remain | 

the same. — The top limit will occur ' Ww vhen R is the same as J. ‘ That will mean 


‘that none of thei influent salt for the year was carried out of the the area a and the 
“effluent s: salt was all from the store of soluble salts in the area. 


TABLE 8.—Resipvat (R) AN AND (D) Sars, AND APPARENT Garn 


(G) IN AN IRRIGATED AREA DURING A Pertop OF ONE YEAR 


A se 

_R | D 
458 244 | 283 | 527 


130 29} 101 | 130 
1,036 | 806] 404 | 1,210 


1,316 1,261 | 236 1,497 


1,624 | 1, 079 | 788 1,079 2,374 


ae « No residual salts “except the minimum bicarbonate and sulfate and no extra displaced salts except the 


equivalent calcium and magnesium chlorides. % The solution by the use of the imaginary water an 


- es a diagrams of Mr. Hill’s paper. ¢ The salts in 27,000 acre-ft of influent water pass on through; the salts in. 


42,000 acre-ft of the influent remain in the area. ‘None of influent salts the area; nt 
come from the stored salts. 


— 
« 
if 
4 
K 
| 
— 
29] 166] 195} 29 
| 1.2611 1,.079 | 545 | 1.624 1,079 | 788 | 1,867 | 1,079 
 Sum......| 182 | 1,261 | 1,079 | 545 


BLISS” ON IRRIGATION WATER 

‘Table 8 — values of R and D for different : assumptions. Fig. 9 shows, in 

a po equivalents, the influent salts in 69 ,000 acre-ft of water, the residual salts R- 


& 42,000 acre-ft of the influent water, the salts carried through the area by 


: 27,000 acre- -ft of the influent water B, the salts taken up from the store in the 
area a D, ‘and the effluent which is the sum of B and D (see Assumption 3, 
‘The consideration of the relations between influent bend effluent waters, — 
"whether by means of Mr. Hill’s charts, by means 0 of computation from the 
analyses, or by the Survey diagrams, points to the possible danger of accepting 
a false sense of security with reference to the salinity of lands in an irrigated 
ate merely because the over-all salt balance seems to be favorable. . The 
7 show the need for continuous study of the character of the waters in 
- contact with the soil as well as the influent and effluent waters for individual 
7 plots if salt damage to the land is to be avoided. 
_ JOHN H. Butss,'* Assoc. M. Am. Soc. Cc. E.'**—An interesting and i ingenious 
“method of plotting and classifying irrigation w waters has been advanced by Mr. 
Hill. - His geochemical chart is an excellent tool for portraying the relative 
proneltionps and characteristics of dissolved solids and for rv comparing differences in 


water supplies. Iti is also an aid in certain such as valley 


Because of the number of dissolved solids and the complexity of the effect — 
of their active constituents upon crops and soils, it is obviously difficult, in a 
“4 simple graph, to tell the entire story of a water’s , character and suitability for 
_ irrigation purposes. 7 _ The problem is a complex one and the author is to be 
- congratulated for his effort to » simplify it and to standardize the method of 
"reporting the results of water r analyses. 
combining the strong sulfate the weak carbonates and bi- 
- carbonates, rather than the chlorides and nitrates, Mr. Hill has departed some- 
shat from the Palmer method? of classification. By so doing he has tended to. 
overlook the geologic significance of the classification in order to por- 
better the irrigation significance of natural waters. 
al The writer is somewhat familiar with the Rio Grande, one of the illustrative 
examples used by th the author, and is particularly interested in in his discussion a 
valley salt balance (upper El Paso Valley). Arriving at an indeterminate 
_ mathematical solution » Mr. Hill has solved the ‘problem by reasonable deduc- 
= and has obtained an approximate answer to the true salt debits and credits 


Iti is obvious that a permanent agriculture depends upon the maintenance — 
q of a salt balance in the root zone of cropped areas—that is, that as much of the 
: undesirable dissolved constituents oe removed from the root zone as are 


= to it. in the irrigation supply. The author has demonstrated that a 


a 


6 Engr., State Engr’s. Office, Santa Fe, N. Mex. 
16¢ Received by the Secretary November 6,1941. 


“The Geoch 1 Inte tation of fW Ans lys es,” | hase Palmer, Bul 79, 
Geologial Interpretation ater na ny Chase Bulletin No. 4? 
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wane een influent and salts in an irrig ated does 
mean a favorable balance to the growing crops. The writer agrees 
but rather questions the inference that, because unfavorable residual salts | are 
being: left behind somewhere i in the soils of an area, the entire valley is affected _ 
adversely. In the illustrative case it would seem that many if not most of the 


; ~ residual salts were left in those areas of relatively impervious soils w hose useful : 


_ life as irrigated lands ‘are automatically limited by their “ tightness.” In the = 
- remaining more porous soils of the valley, any residual accumulation may be 7 aa 
a removed easily from time to time by flushing the soil with aaa quantities of B - 
"(Classifications of water to their suitability for irrigation purposes 
been advanced for certain limited areas. Realizing the pitfalls that sur- 
_ round any attempt at broad classification of waters, the writer feels that there a 


is much work to be done : along this line. C. S. Scofield® has presented a a table — 
of classes of i irrigati tion water, w hich (he w arns) are adopted for a definite i irriga- 

tion: region. The table sets up five classes of water from ‘ ‘excellent” to “un- 
suitable” and gives permissible of concentration of those constituents 


likely to be injurious to growing crops. For example, Class 5 5, or “unsuitable” 
_—— inrigation water, is described in part as carrying more than 2,100 ppm of dis- , 7 
as 80 olved solids, more than 80% (of total positive ions) ‘sodium, and more » than _ 


20 milligram equivalents each of sulfates and chlorides. 


fl ai id ~The following examples may be of interest and are included herein because 
the: writer believes that they y demonstrate the need for additional information on 7 

the effects of irrigation waters upon soils and d crops. 
, iam The Pecos River in New Mexico and Texas carries one of the highest con- 
centrations of dissolved solids of any western stream used for irrigation. _ For 


the: three years 1938-1940, the water supply for the Carlsbad (N. 1 Mex.) 


q 4 -_- project, as measured on the Pecos | River near the Artesia (N. Mex.) gaging 


station by the U. S. Geological Surv ey,!? 7 averaged 3,120 ppm of total dissolved 
solids, 37% sodium, and 28.8 and 18.5 equivalents, respectively ,of 
sulfates chlorides. Water of this type and approximate average concen- 
‘ _ tration has been applied o on the project lands for almost fifty y years with little 
"apparent adverse effect e except i in those areas where drainage i is ie 
‘Texas projects, now combined | in a a single district under the Red Bluff 
be. ‘reservoir, receive a much more unsuitable water supply than the C arlsbad 
project. upstrear. The quality of the district’s irrigation supply as measured 
on by the U.S. . Geological Survey at the Orla (Tex.) gaging station below the 
~ reservoir, for the 1938-1940 period, averaged 4, 520} ppm of total dissolved solids, 
‘a _ 44% sodium, and 33.2% each of sulfates and chlorides. — On the Pecos River 
os at Red Bluff (N. Mex.) station above the 1 reservoir, the sodium content for the 
same period averaged about 52%, a more representative value than that at 
oe 01 Orla because the Orla data are affected by the holdover storage of the relatively 
Dyas - good waters caught in the reservoir during the flood of June, 1937 . Water of 
i es about the Red Bluff type and concentration has been used on Texas lands for 


ce fi. “The Salinity of Irrigation Water,” by C. S. Scofield, The Smithsonian Rept. for 1935, pp. 275-287. 


“Quality of Water,” by C. 8. Howard, W. F. White, Jr., and W. W. Hastings, U. S. Geological | 


Survey the report, “ ‘Pecos ‘River Joint Investigation, ” National Resources Planning 
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many years. Considerable areas of heavy soils, particularly those in the flood 


channel along the river, have been “alkalied” and abandoned _ However, large _ 
areas where natural or artificial drainage has been effective have been farmed 
—— for many years with little apparent adverse effect. 7 a 


classification of these two 

“waters according to the methods of TABLE o— —CLASSIFICATION OF 

Messrs. Palmer and Hill is shown in River W ATERS 
‘Table 9. It will be noted that the 


weber at Red Bluff falls in Mr. Hill’s CLASSIFICATION i 
Type V which he calls ‘Grri- 


Pri- Sec- 
gation sewage. Clase | | ondary feation 
Both waters, except as to sodium onlin salin- | alka alk 
| ity ity ni vy 


Class 5 or ‘ “unsuitable” irrigation 


water (assuming the Scofield classifi- 


..| 3 | 37% | 58% 
Red 52% | 45% 36 


cation to be applicable to this area). 
favorable of the earth bases over sodium potassium exists 


potassium constitute more than 50% of the positive i ions. There i Is insufficient 
evidence at this time to show | what effect. “base e exchange” may have made 
the soils in either area. 
How long successful irrigation agriculture can endure, particularly in 
4 Red Bluff district, under the continued use of such highly concentrated, 
ferior quality water remains to be seen. It Ww ould appear, however, that even 
3 


& oor quality saline water ms may | be used more or less successfully for ir rigation: 


from time to | time 1e and thus prevented from n accumulating in in the root zone of 


purposes for ¢ considerable periods of time if the excess salts are flushed a away a a 
There i is a definite need for additional study this: complex 
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THE SURVEYOR A 


By D. D. HAtnes, Assoc. M. Am. Soc. C.E. 


M. Am. Soc. C. E. his “Introduction” 


certain: procedures must t be f followed in that state under certain conditions 
~ not necessarily mean that the same procedure should be followed in 
apply in in peng "A certain amount a of local research on the > subject n must 
always b be made. In In laws relating to boundaries each state is an entity unto 
Lae Itisa  well- — fact that not all states require that a surveyor be licensed, 
or ‘registered, before he can do boundary surveying co However, if a surveyor is 
registered in a particular state, it is assumed that he is a “qualified” land 
== such qualification means that the surveyor | has at least the minimum a 
ability to exercise the necessary ‘ ‘ordinary prudence. ae Students invariably 
¥ 7 _ ask, “What i is ordinary prudence?” — This is a very natural question 2 and one 


that defies a definite e answer. Professor Holt has gi given the basis for the answer ; 


to such a question. — Records must be pursued, boundaries examined » occu 


he pancy determined, and any other information carefully weighed; and further- 
“more | 
‘The responsibility. of a surveyor to his client i is the same whether hei isa 
Should a surveyor fail to exercise 
-dinary prudenee,” ” it 3 is well known that he can be held liable for damages. 


oe would like to have het Holt enlarge a on this subject a 


a E bi s Nors. —tThis paper by A. H. Holt, M. Am. Soc. C. E., was published in May, 1941, Proceedings. 
fee Discussion on this paper has appeared in Proceedings, as follows: October, 1941, by Messrs. E. F. Chandler, — 
Rubey, William H. Richards, Jr., and C. B. Humphrey. 


70 Asst. Prof. of Civ. Eng., oe of Kansas, Lawrence, Kans. » 
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is not peculiar to that branch of surveying, nor to surveying in general, but to 
engineering as a whole. Professor Holt mentions the custom of giving a “‘cer- 
by. The writer 
Be 
a 


De "HAINES ON eunveren AND ‘LAW 


"passer. . The reply alwe ays has been that he is unless he has | permission, 0 or is 
exercising an official duty, and even then the surveyor | is liable for | actual — 
damages as well as for any unnecessary damage he does. The author has 
this. point 1 very clear. In the majority of cases, a surveyor can secure 
the permission of the owner to enter upon his land merely by explaining the 
‘need for such | entry and promising to exercise due care. ~ The surveyor should — 
always keep in mind that he cannot force his way on to private property u unless ; 
he has official authority, o or r unless ¢ a state statute definitely provides for oie 


entry, , and that in the majority o of cases it is far better 1 not ot to use pit 


Ati is well that this paper states that any survey will “hold” and become a 
““legal’”’ survey when: (1) The results are accepted by those affected: or (2) the © 
court rules that the : survey properly | settles the problem. Therefore, pri rivate 
surveyors and official surveyors have equal authority to “establish boundaries.” ‘an 


enough laymen understand this fact. 
a _ Boundary disputes ean be settled without. court action . The realization 
this fact is frequently startling to the young engineer or surveyor. 7 -Agree- 
ment may be reached between adjacent landow ners w hen ‘not in the presence Ls 
ofa surveyor, but since a surveyor is generally a part of such discussions he 
frequently « can serve as an ar bitrator. re The surveyor is a better arbitrator if 
he understands the law thoroughly anc and if he has collected and weighed all the 
facts. Any award he makes will be considered valid, and any ' boundary fixed 
by agreement remains fixed regardless of mistakes of judgment or measure- 
ments. _ Although agreements to fix boundaries need not be in writing, it is 


better: practice to them of permanent record. One ‘point: cannot 


‘is that the correct ¢ boundary 1 line still has As its: place and importance, in that it 
(and not the : agreed line) must be used as a | starting p point in the location of 
43 The writer would like to have Professor Holt enlarge on the statement: 
“Such an agreement to fix a boundary line is void if the owners know or if one 
of them knows that the agreed line is not the true line’ (see heading “‘Ar-— 


Professor ‘Holt i s quite right when he states that attorneys of general — e 
practice are not entirely familiar with matters of boundaries. In fact, 
he could go further than that and state that they are seldom more than mod- = 
-erately familiar with such ‘matters. Along this same line it should be > noted 
surveyors | should not hesitate to consult lawyers as to the correct pro- 
cedure to follow under certain circumstances. There must be a certain amount 
of “give-and-take” among the two professions t to solve problems their 
The discussion on the admissibility of plats and field notes is very interest- — 
The author has given a good bibliography for | reference. It ‘seems that 
| field notes and plats from any source, so long as they are properly identified and 
_ authenticated, may, under the usual circumstance, be admitted as | testimony. 


The w writer is glad that Professor _ has seen fit toe express his « opinion to 
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the effect that the most useful a survey cat can be to : 
client is a plat, thus leaving the survey notes in their original form with the 
dimen. Of onetiiats the plat must be adequate and must give all the 
final data pertinent to the survey that the surveyor’s client requested. . The 
author’s point (see heading ‘Surveyor’ Report to His Client”’) that ‘ “graphical 4 
descriptions are often not only much more convenient than verbal ones, but 
much less likely to be x misunderstood,” i is a . good one and should — more 
and more plats to be made and appended to legal description. 2s 
‘The entire paper is very interesting and w orth while. — ‘Although : most of the 
are have been present for some time, they are 
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ave them so ably reviewed. 
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G MEETING 


68 the Society. iso 9: 
exeept Saturdays when it is 

Members, ‘particularly those of town, ar ar cordially invited to use 
~ on their visits to New York, to have their mail addressed there, aid to utilize 
“ites place for nfeeting There is an ample : 


books, and the: toom in. well ‘supplied ‘with writing: table. 
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